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CABLE TOOL OPERATORS! 


Take a Tip from That Famous Chinese Philosopher 
Hop Sing Who Says— 


a | "ONE ILLUSTRIOUS BAKER CORE Worth 
+t Many Thousand Noble Guesses.” 


. .. and Hop Sing is RIGHT! 


Guessing from mere bailer 
samples is an outmoded prac- 
tice. There is too much at 
stake to depend upon any- 
thing less than complete, un- 
contaminated cores ... cores 
that tell the “hole” story ... 
the kind of cores that are 
consistently recovered with 
the BAKER CABLE TOOL 
CORE BARREL. 


HERE ARE 8 PROFITABLE USES FOR THE 


ie BAKER CABLE TOOL CORE BARREL: 
1. Determining whether sands are oil-bearing, 
water-bearing, or dry. 
a 2. Picking up low-pressure sands which may be 
F made productive by shooting. 
. 3. Selecting proper casing locations. 
4. Determining exact position for perfect water 
shut-offs. 
5. Testing as to porosity, saturation and perme- 
ability. 
6. Determining approximate inclination of forma- 
tions. 


7. Locating breaks in sands separating oil-bearing 
from water-bearing horizons. 


8. Securing cores for exact lithologic and paleon- 
tologic determination. 


It will pay you to investigate the proven efficiency, 
economy and dependability of this tool. 


Complete details are given in the 
Baker Section of Your 1939 Com- 
posite Catalog. 


BAKER OIL TOOLS, INC. 
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Telephone 2-808 -Tuha, Otlshoma—- 312 East Fourth Street 
(WEST TEXAS BRANCH EXPORT SALES OFFICE ROCKY MOUNTAIN: 


BAKER 


CABLE TOOL 
CORE BARREL 


: a 

4 
| 
a 
4 a 


Bulletin of The American Association of Petroleum Geologists, September, 1939 


BULLETIN 
of the 
AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
OFFICE OF PUBLICATION, 608 WRIGHT BUILDING, TULSA, OKLAHOMA 


WALTER A. VER WIEBE, Editor 


GrotocicaL DEPARTMENT, Untverstty oF KANSAS 


EDITORS 
GENERAL K. C. HEALD, Gulf Oil Corporation, Box 1166, Pittsburgh, Pa. 
HUGH D. MISER-U .S. urvey, 
THERON WASSON. 1 Pure Oil Company, 35 E. Wacker Drive, Chicago, Ill. 


APPALACHIANS 
North 5 R. REEVES. Penn-York Natural Gas Corporation, Buffalo, N.Y. 
South ILLIAM O. 5 ee Spartan Gas Company, Charleston, W. Va. 
NORTH CENTRAL STATES R. B. NEWCOMBE, gor North Otillia SE., Grand oo Mich. 
KANSAS ANTHONY FOLGER. R, Gulf Oi] Corporation, Wichita, Kan. 
OKLAHOMA 
Western ROBERT H. DOTT, Oklahoma Gostoeical Survey, Norman, Okla. 
Eastern SHERWOOD BUCKSTAFF, Shell Oil Company, Inc., Box 1191, Tulsa, Okla. 
North and Central . B. LO OY, Gulf Oi! Cor, tion, Fort Worth, Tex. 
] . A. WENDLANDT, Humble Oil and Refining Company, Tyler, Tex. 
San Antonio HERSCHEL H. COOPER, tors Milam Building. San — Tex 
Permian Basin AL P. BYBEE, Box 2ror, University Station, Austin, 
GULF COAST SIDNEY A. Jub . Teme ulf nif Producing Company Houston, Tex. 


ARKANSAS AND NORTH LouIsiANA ROY T. HAZZARD, Gulf Comoany of La. 
ROCKY MOUNTAINS A. E. BRAINERD, Continental Oil ey Denver 
CALIFORNIA W. S. W. KEW, Standard Oil Company, Angeles, Cali, 

W. D. KLEINBELL, Box 1131, Bakersteid, Calif. 


MARGARET C. COBB, Room 2703, 120 Broadway, New York, N. Y. 
Europe W. A. J. M. VAN WATERSCH VAN DER GRACHT, Staatstoezicht op 


i 
Canada THEODORE i Alberta - 
South America HOLLIS D. HEDBERG, ene Grande Oil ., Apt. 35, Ciudad Bolivar, 


Tue Buttetm or Toe American Association or PetroLeum GEoLo published by the Association 
on the rsth of each mon * to and publication office, 608 Wright Building, ‘ulsa, Oklahoma. Post Office 
Box 979. Cable 
THE SUBSCRIPTION PRICE to non-members of the Association is $15.00 per year (: pete easben, $1.50) 
apa to addresses in the United States. For addresses — the United States, an tional charge of $0.40 
made on each subscription to cover extra wrapping and handling. 
British agent: Thomas Murby & Co., 1 Fleet Lane, ov, BcGs4 
CLAIMs FOR NON-RECEIPT 0 Fe oo | numbers of Taz BuLLETIN must be sent Association headquarters within 
ACK NUMBERS OF THE BULLETIN, jlabl di from Association headquarters. Paper-bound 
2 ‘Gort, Saco: Vol. 3 $s. Cloth-bound Vai. $12 .00; Vols. rr (1927) to 16 (1932), Vol. 
22 ae Ee $17.00. Other +i. and a few nearly complete sets are available. 
ive pric eee lig sent on request. Special pr prices to nenibens and associates. Discounts to libraries. Structure of 
Typical American Oil Fields, Vol. II (192 a9) 1 $7.20. ($5.00 to members and associates}. Stratigraphy of om of 
Southern Alberta (1931), $1.50. Goole atural Gas (1935), $6.00 ($4.50 to members and associates). 
Tampico Region, Mexico (1936), © ($3.50 to members and associates). Structural Evolution of Southern Califor 
(oar, , $2.00. ow Coast Oil Puig 1936), $4. 00 ($3.00 to members and associates). Comprehensive Index, 1917-1936 
seat $3.00 (to members and associat es: free: extra copy, $2.00). Miocene Stratigraphy of California (1938), 
00 ($4. 50 to members and associates). Recent Marine Sediments (1939), $5.00 ($4.00 to members and associates). 
Tes | BULLETIN gives senior authors 35 reprints ot major papers. Additional reprints, in limited numbers, and fo 
private distribution, are furnished at cost, if orders accompany corrected galley proof, 


Association Headquarters—608 Wright Building, 115 and 117 West Third Street, Tulsa, Oklahoma. 
Communications pow the Bulletin, manuscripts, editorial matters, subscriptions, special rates to 


and university libraries, publications, me chan; f address, advertising rates, and 


THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS, INC. 
BOX 979 
TULSA, OKLAHOMA 


class matter at the Post Office at Tulsa, Oklahoma, and at the Post Office 
Acceptance 


at 
Wisconsin, under the Actot Mant , 18 for t rate of for 
1103, Act of October 3, 1917, au Barch 9, 1923. 


— ar 
4 
= 
| 
; 
J 
4 
4 
4 
ublic 
4 
4 2 
’ M 
> 


Bulletin of The American Association of Petroleum Geologists, September, 1939 


THE AMERICAN ASSOCIATION OF 
BTROLEUM GEOLOGISTS, INC. 


‘ulsa, Oklahoma, a 10, 1917, as the Southwestern Association of srl Geologists. Present name 
Pg = ade 16, 1918. Incorporated Colorado, April 23, 1924. Domesticated in Oklahoma, February 9, 1925.) 
OFFICERS FOR THE YEAR ENDING APRIL, 1940 
HENRY A. LEY, President, San Antonio, Texas L. MURRAY NEUMANN, Vice-President, Tulsa, Oklahoma 
EDGAR W. OWEN, Secretary-Treasurer, San Antonio, Texas WALTER A. VER WIEBE, Editor, Wichita, Kansas 
The foregoing officers, together with the Past-President, DONALD C. aes (deceased, July 8, 1939), 
constitute the Executive Committee 
DISTRICT REPRESENTATIVES 
(Representatives terms expire immediately after annual meetings of the years shown in parentheses) 
Amarillo: Carl C. atone 40), Amarillo, Tex. Tow York: W. ** Thom, Jr. (41), Princeton, N. J. 


Price (41), Morgantown, W. Va. ‘acific Coast: E J. Bartosh ( (40), Harold K. ; Armstrong (41), 
Ca M. Hunter (41) Calgary, Canada L. Dive ist), Les Los Angeles, Cal 
Capital: “Arthur A. Baker (40), on, Rocky Mountains: C obbin (a). Colo. 
W. McFarland (40), Dal alas, Shreveport: C. L. Moody (gr). Shreveport, La. 

East pay A. W. B. Wilson Go) N. Ww. Bass (41), South America: G. Moses Knebel (41), New York 

Robert H. Wood é 1), ee So. Permian Basin: Ronald K. De Ford (41), Midland, Tex. 
Fort Worth: Charles t. Yager (41), Fort Worth, Tex. South Texas: C. C. Miller (4), Corpus Christi; 
Great Lakes: A. — on (41), Urbana, Ill. Harry H. Nowlan (41), San Antonio, Tex. 
Houston: Wallace C. Thompson (40), ys Boyd Best (41), eet Edward B. kK (41), Tyler, Tex. 

wn D. wt Jr. te), Houston, Tes. ‘est Oklahoma: C. W. Tomlinson (41), Ardmore, Okla. 

Jr. (39), Houston, Tex. Wichita: James I. Daniels (41), Wichita , Kan 
Nee Menice: Delmar R. Guinn (4x), Hobbs, N. Mex. Wichita Falls: Virgil Pettigrew (40), Wichita Falls, Tex. 
DIVISION REPRESENTATIVES 
Paleontology and Mineralogy 


Gayle Scott (40), Fort Worth, Tex. Henryk B. Stenzel (40), Austin, Tex. 


PACIFIC SECTION (chartered, March, 1925) 
ROY M. BARNES, President, Continental Oil Company, Los les, California 
H. D. HOBSON, Secretary-Treasurer, Continental Oil Company, Los geles, California 


Membership restricted to members of the Association in good standing, residing in Pacific Coast states. Dues: $1.50 per year. 


lUTH TEXAS SECTION (Chartered, April, 1929) 
WILLIS STORM, President, 1733 Milam Building, San Antonio, Texas 
ROBERT N. KOLM, Secretary-Treasurer, 1742 Milam Building, San Antonio, Texas 


Membership limited to persons eligible to Association membership. Dues: $2.50. Annual meeting in October. 


MARACAIBO SECTION (chartered, April, 1930) 
JOHN G. DOUGLAS, President, Mene Grande Oil Company, Apartado 234, Maracaibo, Venezuela 


DIVISION OF PALEONTOLOGY AND MINERALOGY 
SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
(Organized, March, 1927; affiliated, March, 1928; chartered, technical division, April, 1930) 
GAYLE Worth, Texas 
HENRYK B. STENZEL, Secretar u of Economic Geol 
SEND DUES, SUBSCRIPTIONS, AND ORD RS. FOR RACK NUMBERS TO BOR 97 979, TULSA OKLAHOMA. 

The Society and the Society issue the Journal of Paleontology, D. Newell, 
University of Wisconsin, i © isconsin, and ate . Geological Survey, Washington, D. C., editors: sub- 
scription, $6.00. The Journal of Sedimentary Petrology, H. ba ee editor, University of Wisconsi n, Madison, Wisconsin, 
is issued three times a year: sul i $3.00. Single copies, Journal of Paleontology, $2.00; Journal of Sedimentary Petrology, 
$1.50. Society dues: with Jour. Pal., $6.00; with Jour. Sed. Petrology, $3.00; with both, $8.00 per year. 


AFFILIATED SOCIETIES 

(Dates of affiliation in parentheses) 
Albert Society of ‘algary, Alberta, (31). R. G. Paterson, Secy., 21 Avenue, West 
AP lachian Geo ical Society, Charleston w Virginia’ (31 Charles —_ Jr. rBecy..' L. Cabot, Inc., Box 348 
more Geological Society, Ardmore Oklahoma 36). W. +. Guthrey, Sec 


‘exas ony, ny 
Dellns Petroleum Geologists, Dallas, Texas (35 enry J. Morgan, Jr., Secy. tlantic Refining Caney 
East Texas Geological Society, ad 2). F to R. Denton, Secy., tanolind Oil and Gas Company 
Fort Worth Geological Society, Fort Wank, (31). Vernon Lipscomb Secy., The Pure Oil Company 
Geological Society, ouston, Texas ey Carleton D.S ™ Oil Company 


Illinois Geological Society Go). ). Elmer W. Ellsworth, Secy., W. Mebr ride, Inc. Centralia, 
Kansas Society, Wichita, Kansas ( Gai arpenter, Sex: his 
ic Geologica! 


Michigan Geological Society, Lansing, Mich. Lf Geant. Secy. 

N Texas Geological Wichita Falls, 8). Orion A. Daniel, tial Surve Building 

Oklahoma City Geo 1 Society, Oklahoma C City, O homa (31). R | wate Magnolia Petroleum Company 
Panhandle Geological Society, Amarillo, Texas (32). . Carter, y. Gulf Oil Copretien 


Gul 
Shawnee Geological Society, Shawnee, Oklahoma (31). Tom M. Girdler, ft. Secy., Sinclair Prairie Oil Company 
Shreveport Geological Society, Shrevey rt, Louisiana (32). E. F. Miller; : ry Oil Corporation, 911 Commercial Bank 
Society of Exploration Geophysicists ouston, Nay | (32). John H. Crowell, Secy., 201r Esperson Bui ding 
South Louisiana Geological Society, Lake C les, La. bau: -W.R R. Canada, Secy., 207 Weber Building 
Southwestern Geological Society, Austin, Fons co Ikins, Secy. Department of Geology, University of Texas 
Tulsa Geological Society, Tulsa, ‘Oklahoma (31). is H. Lukert’ <1 The Texas 7. the Oh OX 2420 
Western Kentucky Geo logical Society, Owensboro, Kentuck: (38). R —— Secy., hio Oil Company 
West Texas Geological Society, Mi nd, Texas (38). J. E. Simmons, py ™ tinental Oil Company 


i 
ii 
4 
_ 
3 = 
| 
os 
4 
| 
a 
é 
| 
: 


EXCEPTIONAL CONTRAST 


in making better recordings under severest conditions 


In field or laboratory, Improved 
Haloid Record gives superb contrast 
day in and day out. Whites stand out 
clear and sparkling against dense jet 
blacks. Geophysicists are certain of 
a uniform performance under every 
condition. For, the exceptional origi- 
nal qualities of Improved Haloid 
Record are retained consistently. 


Fast exposure and rapid free de- 
velopment cut waste to a minimum. 


The base stock has- greater wet 
strength than ever before. Curl and 
sheen are greatly reduced. 


Write today for some free samples 
to see for yourself. They'll come to 
you in factory-fresh condition in the 
new hermetically-sealed cans. Speci- 
fy your regular size. Maximum, in 
cans, 8’ x 200’. No obligation, of 


course. 


THE HALOID COMPANY - 297 Haloid St., Rochester, N.Y. 
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Here’s why he prefers a 


| B&L WIDE FIELD BINOCULAR MICROSCOPE 


THE B&L Wide Field Binocular Microscope is ad- 
aptable, through its rugged construction, for use in 
the laboratory, shop and in the field. In range of 
magnification, 7x to 150x, it fills the gap between 
hand magnifier and standard laboratory microscope. 

The unusually long working distance leaves ample 
room for manipulation. Paired objectives, mounted 
in a patented Drum Nosepiece, permit rapid change 
of magnification without refocusing. Write for com- 
plete description to Bausch & Lomb Optical Co., 610 
St. Paul Street, Rochester, N. Y. 


CHECK THESE 6 FEATURES 
1—Extremely Wide Field 
2—Long Working Distance 
3—High Eye Point 
4—Stereoscopic Vision 


5—Image erect and unre- 
vere=d 


6—Objectives rotate in ver- 
tical plane on B&L Pat- 
ented Drum Nosepiece 


7 BAUSCH & LOMB 


FOR YOUR EYES, INSIST ON BAUSCH & LOMB EYEWEAR, MADE FROM BAUSCH & ~“ 


GLASS TO BAUSCH & LOMB HIGH STANDARDS OF PRECISION « 
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FAST, LOW-COST MAGNETIC PROSPECTING 


A NECESSITY TODAY 


At a time when the oil industry is faced with far reaching economy 
measures, fast prospecting methods for preliminary surveys gain in 
importance; for it has been proven, time and again, that it is a need- 
less expense to use detail methods of subsurface prospecting for pre- 
liminary investigations. 


The Askania Magnetometer, an instrument which combines economy 
with speed of operation, is ideal for preliminary surveys. 


Detailed investigations with the Magnetometer have also proved the 
contention that the instrument has the qualifications in the hands of 


_ the experienced operator of furnishing data previously not believed to 


be obtainable with the magnetic method of subsurface prospecting. 


We will be pleased to furnish additional information and cost data 
upon request. 


AMERICAN ASKANIA CORPORATION 
826 M & M BUILDING 
HOUSTON, TEXAS 
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ee For Temporary Plugging of 


CHEMICAL SERVICE 


Se Water and Gas H orizons 


Another important contribution to the in- 
dustry, pioneered and perfected by Dowell, 
is Jelly Seal and the development of a 
method that temporarily seals water and/or 
gas horizons. 


In the Fitts Pool, Pontotoc County, Okla- 
homa, some wells have four or five separate 
producing formations exposed. More than 
fifty wells have been treated in that pool, 


in which Jelly Seal was used. After treat- 


ment these wells had allowables which 


averaged 509 barrels per well greater than 
those which had been acidized without the 
use of Jelly Seal. 


Scores of successful treatments of gas wells 
also have been made. Results of such treat- 
ments have increased gas production as 
much as 575% whereas, without the use of 
Jelly Seal or the new Jelflake Seal no results 
could be expected. 


“Look to Dowell” for Jelly Seal treatments; 
they get results. 


DOWELL INCORPORATED 
GENERAL OFFICE: 
KENNEDY BUILDING, TULSA, OKLAHOMA 
Subsidiary of 
THE DOW CHEMICAL COMPANY 


OIL AND GAS WELL CHEMICAL SERVICE 
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ELECTRICAL WELL LOGGING! 


HOUSTON GEOLOGICAL SOCIETY STUDY GROUP 
Houston, Texas 


Study Group members.—This report is a summary of the work done over a period of 
several months, by the Houston Geological Society study group interested in electrical 
well logging. Members of the group were: J. L. Mathieu, leader, Ralph Cantrell, Paul K. 
Goodrich, John Graham, Ford Hubbard, M. M. Kornfeld, Leigh Masterson, Frank C. 
Roper, G. J. Smith, K. K. Spooner, John D. Todd, and Joseph Zaba. 

Acknowledgments.—Various members of the group have contributed different parts 
of the paper, particularly Zaba on the self-potential curve, Smith on the resistivity 
curve, Spooner and Masterson on sands, Graham and Cantrell on reactions in salt. 

The group is indebted to J. L. Mathieu who gave freely of his time. However, the 
ideas and conclusions expressed in the report represent the personal work and opinion 
of the members contributing each section of the paper. Mathieu disclaims all responsi- 
bility for the statements and conclusions which appear in the report. 


INTRODUCTION 


Electrical well logging has been used in the field commercially for 
almost a decade, and it is now practically as indispensable to the oil 
industry as the bit itself. 

In this paper a discussion of technical matters and routine results 
has been avoided. Since almost everyone is already familiar with the 
general cases and their interpretation, time has been devoted particu- 
larly to study of certain applications and interpretations of the 
electrical curves showing peculiar characteristics due to abnormal 
conditions. 

ELECTRICAL CURVES 


Several arrangements for electrical logging are in existence at the 
present time. They vary essentially in the number of electrodes, the 
number of conductors, type of circuits used, ef cetera. From a practical 
point of view their results are comparable. To avoid any controversial 
comparisons only one arrangement, the multi-electrode type, is 
discussed. 


1 Manuscript received, June 30, 1939. 
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Two types of electrical diagrams are obtained. 

A. A natural or self-potential diagram which is the result of an 
electrical potential generated naturally in a drill hole without sending 
any additional electrical energy into the ground or hole by means of a 
battery or generator. 

B. One or several resistivity diagrams which are the result of meas- 
urements of the difference of potential impressed on two electrodes by 
an outside electrical current sent into the ground. 


PART I 
SELF-POTENTIAL DIAGRAM OF ELECTRICAL LOG 

The so-called “‘self-potential diagram” of an electrical log expresses 
phenomena which are ascribed primarily to electro-filtration. In 
other words, it is believed that the diagram is a measure of an electro- 
motive force occurring when an electrolyte—in the case of wells the 
water of the mud in the drill hole—is caused to flow through a per- 
vious solid dielectric—in the case of wells a porous stratum. 

Field experience and laboratory experiments showed that electro- 
filtration is not the only cause of the spontaneous electrical phenom- 
ena registered by the self-potential diagram. The electro-chemical 
action, or electro-osmosis, also plays a part which should not be 
overlooked. 

Since these two phenomena can occur in a well only at points 
where the well traverses a more or less porous stratum, the diagram 
is frequently referred to as a “porosity diagram.” The name is mis- 
leading since the electromotive forces caused by electro-filtration and 
electro-osmosis are functions of several factors and, although indicat- 
ing porosity, do not necessarily represent the absolute porosity. 


ELECTRO-FILTRATION 

The electromotive forces caused by electro-filtration are directly 
proportional to the pressure and electrical resistivity of the liquid and 
are inversely proportional to its viscosity. For example, the amplitude 
of a self-potential diagram can be readily changed by changing the 
level of the fluid in the drill hole. The electromotive force is independ- 
ent of the thickness of the porous stratum and of the radii and number 
of pores. 

The direction of the current is the same as the direction of filtra- 
tion. Theoretically, three possible cases can, therefore, occur (Fig. 1). 

1. If the formation pressure is higher than the hydrostatic head, 
the formation discharges fluid into the hole, and the diagram wil] have 
a positive characteristic. 
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2. If the formation pressure equals the hydrostatic head, there 
will be no current present due to electro-filtration, and the value on 
the diagram will be zero even in front of a porous formation. 

3. In most cases the hydrostatic head of the fluid in the hole is 
higher than the formation pressure, the fluid and the current enter 
the formation and the diagram will show in front of the layer a nega- 
tive value. 

Cases 1 and 2 will rarely if ever be found in practice. 


FLOW POTENTIAL OR 
ELECTROFILTRATION 
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ELECTRO-OSMOSIS 


Another cause of the spontaneous electrical phenomena in front a : 

of a porous layer is electro-osmosis. When two electrolytes come in ce 

contact, an electromotive force is generated. In the case of drill = 

} holes, the electrolytes are drilling mud and the salt water of the 
formation. Below certain depth level, all formational waters contain 
salts in large amounts, even those connected with oil sand, the latter 
in the form of connate water. Field experiments have shown that the 
value of the self-potential can be changed, to some extent, by chang- 
ing the salinity of the drilling mud. 
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As in the case of electro-filtration, electro-osmosis, when consid- 
ered alone, may be illustrated by three arbitrary cases (Fig. 2). 

1. If the concentration of salts, or the salinity of the water, in the 
sand is higher than that of the drilling mud, the current enters the 
formation, and a negative anomaly with respect to shale is observed 
opposite the porous zone. 


ELECTRO-CHEMICAL EFFECT 
OR BOUNDARY POTENTIAL 
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2. If the salinity of the mud is equal to that of the water in the 
sand, there is no potential generated due to electro-osmosis, and hence 
no potential difference is observed between sand and shale. 

3. If the mud is saltier than the formational water, the current 
enters the hole, and a positive anomaly may be observed opposite a 
porous zone. 

Case 1 corresponds to normal conditions in bore holes traversing 
the productive zone. The drilling mud, which has been made with 
fresh water from the surface, will be less saline than the water in 
marine formations. 
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RESULTING CURVE 

From the foregoing, it is obvious that the self-potential diagram as 
shown during an electrical survey of a well is a resultant of the phe- 
nomena of electro-filtration and electro-osmosis, and that theoreti- 
cally there are several possible combinations of the cases previously 


POSITWE S.P-CASE 2 OF ELECTRO-OSMOSIS 
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discussed. The resultant is an algebraic sum of the two components, 
which suggests in special instances the necessity of a careful investi- 
gation of the factors involved if correct interpretation of the diagram 
is to be had. For instance, it is theoretically possible that the diagram 
will show no anomaly in front of a porous formation if the salinity of 
the mud equals the salinity of the water in the formation and if for- 
mational pressure equals hydrostatic head. In practice, however, 
such a combination is rare, and some indication is usually registered. 
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REVERSAL OF SELF-POTENTIAL SIGN 
On deep formations, the self-potential recorded is ordinarily nega- 
tive, being the algebraic sum of Case 3 of electro-filtration and Case 


SP Missing-Case 2 of electroti/tration 
Case 2 of electro-osmosis 
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1 of electro-osmosis. Abnormal conditions, however, are sometimes 
encountered, as indicated in the three following examples. 

a. Drilling through a salt section (overhang or salt layer) will give 
a salty mud, which is sometimes saltier than the formation water. In 
this case, the self-potential effect may become positive (Fig. 3). 
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b. It may happen that a well ready to blow out from a deep sand 
will give little or no self-potential effect. This is due to fluid from the 
sand which is entering the hole, reducing the electro-filtration effect 
(Fig. 4). 
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c. A case similar to b may be encountered at shallow depths when 
there is an artesian sand flowing water into the well (Fig. 5). 

In rare instances, it is possible to see a complete reversal of the 
self-potential sign in a single well, a change from a negative value on 
deep sands to a positive one on the shallow sands (Fig. 6). 
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RANGE OF VALUES 
The self-potential generated in a drill hole can reach very high 


values. A value of 150 millivolts is common, and the maximum values 
registered today are in the order of 250-300 millivolts. 


REVERSAL OF S.R FROM NEGATIVE TO POSITIVE 
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The self-potential will usually increase with depth for two reasons: 
(1) increase in differential pressure, and (2) increase in salinity of the 
formation water with the depth. The increase of salinity of the forma- 
tion with depth is the result of both an increase in pressure and in 
temperature. 
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BASE LINE 


It was observed long ago that with decreasing depth, the self- 
potential base line would slightly drift toward the negative. 


REVERSAL OF S.P FROM NEGATIVE TO POSITIVE WITH SHARP 
DRIFT AT THE FRESH WATER~SALT WATER CONTACT 
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In fact, it is not unusual to observe a change in the base line of the 
self-potential in a particular field, and this change can be used as a 
- correlating point (Fig. 7). Self-potential values must be measured, 
using as a base line the shale situated next to the porous section 
giving a self-potential peak. 
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MEASURING SELF-POTENTIAL 

The self-potential is measured by running an electrode on an 
insulated conductor into the well (Fig. 8). The upper end of the 
conductor is connected to a grounded electrode, the potential of 
which must be constant and is arbitrarily assumed to be zero. For 


SELF-POTEN TIAL MEASUREMENT 
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each position of the electrode in the well, the potentiometer will give 
the value of the difference of potential between the potential at this 
particular point and the potential of the ground electrode. 


PART II 
RESISTIVITY DIAGRAM OF ELECTRICAL LOG 
In the lithosphere, there is nowhere a condition of uniform electri- 
cal conductivity, or, conversely, resistivity. Rocks differ greatly in 
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respect to this property, depending primarily not on the varying 
minerals of the rock, but on the physical characteristics of the rock 
and on the water which the rock contains. This may be (1) adsorbed 
or connate water which is incapable of circulation and such as is 
present in the very minute interstitial spaces of shales and clays, or 
(2) absorbed water such as is found as both fresh and salt water in 
permeable formations like sands and porous limestones, and which is 
free to circulate. Some dense rocks, such as granite, quartzite, gneiss, 
marble, gypsum, rock salt, coal, and lignite, have so little interstitial 
space, and therefore so little connate moisture, that they are very 
poor conductors of electricity and hence have a high resistivity. Thus 
the electrical resistivity of a permeable rock body or formation is 
primarily dependent on its content of water and particularly on the 
nature and amount of soluble salts dissolved in this water. 

In addition to various waters, either fresh and electrically resistant 
or saline and electrically conductive, the content of the interstitial 
spaces of rocks may be filled with oil or gas. Inasmuch as these hydro- 
carbons are not electrolytes and therefore not conductive, any forma- 
tion containing them to the exclusion of saline waters (other than con- 
nate) will be characterized by a relatively high resistance. 


INFLUENCE OF TEMPERATURE 


The influence of temperature needs also to be mentioned briefly. 
An increase of temperature decreases the resistivity of the rocks for 
two reasons: (1) the resistivity of an electrolyte of a given concentra- 
tion decreases as the temperature increases, and (2) the percentage of 
dissolved salts increases with the temperature. In general, the specific 
resistance of an electrolyte decreases by } for an increase of 90°F. 
This fact has an appreciable influence on the resistivity measurements 
made in drill holes, since temperature differences of 90°F. between 
the surface and the bottom of a hole may be encountered. For this 
reason, the electrical resistivity will have a tendency to decrease with 
increasing depths. 

Granted that the electrical resistivity of rocks varies and that the 
relative resistivity may be accurately measured, the next step is to 
apply the measurement of this phenomenon practically to the study 
of the subsurface formations penetrated by drill holes.. In general, 
the resultant resistivity curves may be classified in four groups. 


CLASSIFICATION OF RESULTANT RESISTIVITY CURVES 


1. High resistivity in permeable formations, which may be caused by the following 
content of the formation (Fig. 9) 


a. Fresh water, ordinarily found at relatively shallow depths 
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b. Sulphur water, ordinarily rather rare and localized in its occurrence. It may occur 
at depths considerably below the fresh-water table 
c. Oil and gas ; 


2. Low resistivity in permeable formations, which is caused by the presence of electri- 
cally conductive, saline waters in the pore spaces of the rock 


Typical SP and hesistivity Diagram 
Se/f-Potential-Mv. Resistivity -Ohms m% 
Might 
= 
FIG. 9 


3. High resistivity in non-permeable formations, which is characteristic of the following 
a. limestone 
b. anhydrite 
a. 
. lignite 
e. rock salt, et cetera 
In this group, high resistance is due to density and compactness of the rocks, and 


small interstitial space, making impossible the presence of an appreciable amount of 
connate moisture which might serve as a conductor 


4. Low resistivity in non-permeable formations, which is typified by shales and clays 
which contain sufficient amounts of adsorbed saline water in their minute pore 
spaces to serve.as an electrical conductor 
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FACTORS AFFECTING RESISTIVITY DIAGRAM 


These four examples form simple groupings of the various common 
formations ordinarily encountered in drill holes—formations whose 
resistivity characteristics may be generalized. However, there are 
complications and variables which render the evaluation of resistivity 
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measurements more complex than would at first appear to be the 
case. The most influential ones are: invasion, colloidal material in the 
sand, and salinity of the drilling mud. 

1. Invasion (Figs. 10 and 11).—The normal resistivity curve 
measures the resistivity of the formation only a short distance, back 
and away from the face of the drill hole. Because of differential pres- 
sure, there is commonly a slow migration of the fresh water in the 
drilling mud back through the face of the hole and into the more 
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permeable formations. The more permeable the formation, the greater 
will be the extent of migration into, or invasion of, the formation by 


Practical exaimple of deep invasion solved by incresse 
of lateral investigation 
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water from the drilling mud. If this water is fresh and invades a salt- 
water sand, let us say a lateral distance of 5 or 6 feet, a measurement 
of resistivity will indicate that the content of the formation is highly 
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resistant. On the other hand, if the water of the drilling fluid is salty 
and invades an oil sand, it will reduce considerably the value meas- 
ured on a resistivity log. Thus we see that, in case of invasion, one 
resistivity measurement may not permit the complete determination 
of the nature of the fluid initially present in the formation. It then 
becomes necessary to measure the formation resistivity a sufficient 
distance away from the drill hole to be beyond the influence of the 
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invading water. This is accomplished by a lengthening of the electrode 
spacing in the hole, with the result that the depth of lateral investiga- 
tion is considerably increased. 

Thus, it becomes evident that not only one or two, but several, 
resistivity curves may be necessary to solve many of the problems. 
Because of the foregoing, more than one resistivity curve is usually 
recorded in the Gulf Coast territory. These resistivity curves have 
very definite characteristics, which are beyond the present study. 
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2. Colloids (Fig. 12).—Another complication in the interpretation 
of resistivity curves presents itself in the case of permeable formations 
which contain relatively large amounts of colloidal material. This 
colloidal material (bentonite, fine clays, et cetera), because of its 
adsorbed saline water which increases the percentage of connate 
water, acts as a conductor of electricity. When this occurs in an oil 
or gas sand, the conductive colloids permit the current to pass through 
the formation, with the result that lower resistivity is registered. 
This condition is accompanied always by a decrease in the permeabil- 
ity of the formation, though not necessarily in the value of the self- 
potential diagram. 

3. Salinity of drilling fluid—The resistivity of the fluid filling 
the hole, of course, plays some part in the measured relative resistivity 
of the formation. If this fluid is very salty, the mud column becomes 
very conductive and therefore absorbs a certain part of the current, 
thus reducing the difference of potential between the measuring 
electrodes. This results in a lesser differentiation between conductive 
and resistive formations. 

The influence of salty mud can ordinarily be minimized by replac- 
ing the salt water with fresh water. When drilling through an over- 
hang or a salt layer, the mud becomes a brine and, at that time, it is 
often useful when readings are desired below the salt to displace the 
salt water at the bottom with fresh water with as little circulation as 
possible. On the other hand, if the fluid is a non-conductor, oil for 
example, the electrodes become submerged in an insulating fluid 
which prevents either sending to or receiving a current from the 
formations. This condition is usually overcome by obtaining a direct 
contact between the electrodes and formations by means of brush 
electrodes. 

In passing, it is of interest to note the action of the resistivity 
curves as they reflect a depleted oil sand. Cores taken in such a sand 
normally show oil still left in the sand. However, the salt water 
which ordinarily follows into the pore spaces as the oil is withdrawn 
acts as a conductive agent, with the result that a low resistivity is 
recorded. Thus, “bleeding core’’ formations are easily recognized by 
a low resistivity on an electrical diagram. 

Summarizing the resistivity study briefly, the following points 
may be noted. 

1. Rocks and formations vary greatly in their electrical resistivity. 

2. The resistivity is dependent not primarily on the mineral 
characteristics but on the water content of the rock and its physical 
characteristics. 
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3. Saline waters offer good conductivity, or conversely, low resis- 
tivity. Fresh waters, sulphur waters, oil, and gas are poor conductors; 
hence, they are indicated by high resistivities. 

4. Formations too dense to contain either absorbed or adsorbed 
water are always highly resistant. 

5. Experience in the use of electrical logging permits the general 
grouping of formations and formational contents into definite classes, 
and an accurate determination of their characteristics. 


MEASURING RESISTIVITY 


Briefly, the technique of measuring resistivity as usually applied 
to rocks encountered in drill holes is as follows. 

Several insulated cables, encased together, are lowered into the 
hole. On the end of each cable is attached an electrode, one of them 
being used to pass current into the ground and the other to measure 
the difference of potential caused between two or more points by the 
passage of current through the ground. To one pole of the source of 
current is attached the cable carrying the lowest or deepest electrode, 
the other pole being grounded at the surface, customarily in the mud 
pit. In order to measure the difference of potential between the other 
electrodes, the other cables are connected to one or several suitable 
instruments at the surface. The recording of the resistivity is made 
automatically on a sensitized film. 


PART III 
APPLICATION AND CORRELATION 


The applications of electrical logging are already numerous and 
have become increasingly valuable from year to year chiefly for two 
reasons: (a) improvement resulting in additional information, and 
(b) greater number of logs and therefore better comparative facilities. 

One of the most widely accepted uses of electrical logging diagrams 
is for subsurface correlation. Geologists in particular are quite familiar 
with this application. Since the subject of subsurface studies by 
electrical diagrams is covered elsewhere, the discussion here is limited 
to generalities and to the “mechanics” of correlation. Three types of 
correlation exist: (A) short-distance correlation, or detailed study of 
oil fields; (B) long-distance correlation, or regional study; and (C) 
near-surface correlation, or structural correlation. 


A. SHORT-DISTANCE CORRELATION OR DETAILED STUDY OF OIL FIELDS 


Since each type of formation has its own relative value of self- 
potential and resistivity and every particular zone its pattern, the 
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resulting log affords an easy and accurate means of distinguishing 
between the different formations. Close study of electrical diagrams 
of the same field will usually reveal: (a) faulting with an indication of 
the throw and cut-out section, and (b) lensing. 

However, in attempting to correlate logs in a field, one should 
keep in mind the following. 

1. Ordinarily, in the Gulf Coast the self-potential log is essential 
for correlation, but very important information is commonly obtained 
from the resistivity logs, particularly in shale sections where minute 
details are of great help in these correlations. 

2. A fault is indicated by a missing section, and the difficulty of 
recognizing them ordinarily results from trying to correlate sand by 
sand, or formation by formation, instead of by large groups. 

3. It is always a mistake to emphasize a doubtful correlation by 
the use of different colors. The fact that the same color is sometimes 
applied to different sands which have been incorrectly correlated 
makes it practically impossible to separate them again. In other 
words, coloring does not help to make a correlation; it emphasizes a 
correct correlation but conceals the error of an incorrect correlation. 
However, the use of the same color, such as yellow, for all sands, 
is desirable to make the peaks stand out prominently. 

4. Very good results are commonly obtained by first correlating 
the logs by the use of transparent prints, using large groups for the 
purpose of establishing the necessary number of markers, five to ten 
for instance, and placing them side by side on a table so as to view 
them at a distance. Wall correlations in particular are very good. 


B. LONG-DISTANCE CORRELATION OR REGIONAL STUDY 


The long-distance correlation is made from field to field or from 
wildcat to wildcat, both along the strike and perpendicular to it, for 
regional study and also to study the dip, occurrence of structures, 
gradation of one formation into another, gradual variation in salinity 
of the formation, et cetera. 

The result is obtained only by the use of large groups and of very 
definite and easily recognized markers. It is often aided by additional 
lithological or paleontological markers. 


C. NEAR-SURFACE CORRELATION OR STRUCTURAL EXPLORATION 


Expensive, tedious, and often inaccurate subsurface correlations 
have been attempted in the past by means of core drilling. The results 
have varied in quality and cost according to the territory where the 
method was used. It has been most unsatisfactory in the Gulf Coast 
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because of the lack of shallow paleontological or lithological markers. 

The poor results obtained in the Gulf Coast by core drilling have 
strengthened the theory that deep structures are not reflected on 
shallow young beds. However, recent advances in geological studies 


NEAR SURFACE LOCATION OF A FAULT 
BY SHALLOW HOLES 
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connected with salt domes have revealed such an unexpected prev- 
alence of faulting that the question immediately arose whether 
faults showing several hundred feet of throw in the production zone 
should be expected to disappear entirely at shallow depths. 

In pursuing this inquiry, the use of electrical logs has revived, so 
to speak, the practice of working out shallow subsurface correlations. 
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In this work, shallow, small-diameter holes (3-4 inches in diameter 
and about 1,000 or more feet deep) are drilled at full speed without 
coring or sampling, solely for the benefit of the correlations obtained 
from the electrical diagrams. The results here summarized have been 
wholly satisfactory. 

1. Correlations are always obtainable regardless of the age of the 
formation. This has been demonstrated in many different territories, 
such as the salt-dome area of the Gulf Coast, the Conroe trend, 
Southwest Texas, West Texas, Kansas, and Oklahoma with equal 
success. 

2. Most of the faults shown at great depths are present in the 
upper beds. As a rough generalization, one-tenth of the throw existing 
at 7,000 feet, or 8,000 feet, is present at 1,000 feet. Thus, grabens are 
located, upthrown or downthrown blocks are outlined, and inter- 
relations of various seismograph highs are established. 

3. The dome itself is ordinarily reflected either by an arch or 
depression in the near subsurface formations. 

It is understood, of course, that deep structures do not of necessity 
correspond with shallow ones. However, the correspondence is so 
common, especially in the Gulf Coast, that the shallow correlation 
process has proved to be a definite step toward sounder structural 
studies. 

Figure 13 illustrates how a fault having 500 feet of throw at: 
6,000 feet and 250 feet of throw at 3,000 feet makes its appearance 
near the surface where at 700 feet it still retains a 65-foot throw. 
This fault is located in South Louisiana where structures are ex- 
ceptionally deep and are overlain by a great thickness of compara- 
tively young formations, yet it shows clearly on the shallow log. 


PART IV 
INTERPRETATION OF FORMATION CONTENT 

The interpretation of the formation content is that aspect of the 
subject with which the petroleum engineer is particularly concerned. 
To make a complete study of it would mean to analyze all the possible 
interpretations of the electrical diagrams, and this constitutes a field 
of study within itself. The discussion, therefore, is limited to a brief 
generalization of the typical reaction of fluids in the various forma- 
tions ordinarily encountered in a well. 

1. Sands.—In considering sands, it is well to mention again that 
the conductivity of a porous formation is in direct relation to the 
amount of salt water it may contain. Since the water content is a 
function of the lithologic character, it is, therefore, necessary to 
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distinguish between clean sand, dirty sand, and cemented sand. 

A. Clean sand.—Clean sand can be defined as being homogeneous 
and composed of sand grains of various size and relatively void of 
impurities such as bentonite, volcanic ash, calcareous material, e 
cetera. 

(1). Clean sand—resistive——If{ the clean sand contains only a 
resistive fluid, such as gas, oil, fresh water, or sulphur water, it should 
be highly resistive. However, in practice salt water in connate form 
is usually present which will lower the resistivity to some extent. 
Also, since the finer-grained sands ordinarily contain more connate 
water, they generally are less resistive than coarser sands. 

In this connection, attention is called to gas sands because of the 
nature of the resistivity curve in these bodies. This condition is 
caused first by the fact that gas is compressible, with the result that 
gas sands are more susceptible to mud invasion and hence are more 
subject to variation of the salinity of the mud than are oil sands. A 
factor which may induce a high resistivity reading is the dryness of 
gas sands; that is, there is commonly little or no connate water present 
in the sands as compared, for example, to an oil sand which commonly 
is relatively high in connate water content. 

(2). Clean sand—conductive-——When filled with salt water, the 
clean sand is very conductive, showing a low resistance, usually less 
than that recorded in shales. Especially is this true in resistivity 
curves with a large depth of penetration. 

Distinction between oil, gas and salt water is often possible from 
the electrical diagram (Fig. 14). Gas should show the highest resis- 
tivity, oil next, and then salt water, which is conductive. However, 
the distinction between gas and oil-bearing formations is not always 
readily apparent. As for the self-potential curve, it is often observed 
that gas shows less values than oil, which, in turn, shows less than 
salt water. This is believed to be caused by the increase in the electro- 
osmosis effect with the increase in saline water content. In some 
instances this characteristic is sufficiently apparent to permit the 
location of the oil-water contact by inspection of the self-potential 
diagram alone. 

B. Dirty sand.—Dirty sand can be defined as a sand which is 
fairly homogeneous but carries in the interstitial spaces, between the 
sand grains, fine. particles of sponge-like or adsorbing material called 


colloids, usually classified as smaller than == of an inch. The 


3,000 
adsorbed saline water within the colloidal material has the effect of 
increasing the connate water content (observed by actual analysis), 


and therefore decreases the resistivity of an oil or gas sand. This 
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condition is always accompanied by a very large decrease in the 
permeability, as low sometimes as a few millidarcys, although the 
porosity may not be affected. Figure 12 is an example of such sand, 
and the adjoining table gives an analytical comparison between the 
clean and dirty sand. It will be observed that the self-potential effect 
is only slightly decreased if at all. 


Listinction Between Gas Oil And Water Sands 
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C. Cemented sand—Cemented sands can be defined as the rather 
heterogeneous sand containing cementing material of the non-spongy 
or non-adsorbing type, such as lime, silt, and mica. The presence of 
such cementing material usually lowers porosity and permeability 
considerably, particularly the latter. This type of sand can be recog- 
nized, however, by the abnormally low self-potential. Figure 15 is an 
example of such sands. 

2. Limestone—sandstone, et cetera.—Dense, non-porous limestone 
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shows extremely high resistivity values because it does not contain 
any connate water. 

To recognize the various fluids in a porous limestone is not always 
an easy task as the porosity of limestone is something local and 
irregular throughout the bed. 

The Salt Reaction 


Fic. 16 
“4 Porous limestones containing oil will show high resistivities. Salt 
ag water in porous limestone will register much less resistivity, and the 
= difference between oil and salt water, for a given limestone, will be 
/* found by comparing the relative resistivities of oil and salt water. 
PART V 
2 EFFECT OF SALT BEDS ON MEASUREMENTS 
"3 - Salt in a solid form is a non-conductor. Therefore, in an electrical 
Be log the presence of a salt body will, in general, behave as in the pres- ’ 
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ence of any resistive formation; that is, the presence of salt will show 
resistance on an electrical log. 

Thin layers.—Thin layers of salt should record in the same manner 
as any thin resistant layer, such as limestone. In practice, it may hap- 
pen, however, that, the salt being readily dissolved by the mud, the 
actual diameter of the hole is in excess of the radius of investigation, 
and the resistivity value will approach that of the mud (Fig. 16). 


PART VI 
FUTURE OF ELECTRICAL LOGGING 


Although a remarkable advancement has already been made in 
the technique of electrical logging, it has by no means reached the 
end of its possibilities. During the first few years of application, it 
established an undisputed reputation as an ideal tool for correlation. 
At the same time, considerable experience was gained in the interpre- 
tation of fluid content of the formations, leading to the use of several 
resistivity curves for this purpose, in order to eliminate the effect of 
invasion of porous formations by water from the drilling mud. 

More recently, it has been found that a very close and exact 
relationship exists between the electrical resistivity and the potential 
production of a porous zone. Obviously the determination, in this 
manner, of the recoverable oil in a given field has great possibilities 
for future development. 

The self-potential curve also offers possibilities of a wider applica- 
tion, in the use of several curves recorded under different conditions. 
While the single curve allows a ready distinction between porous 
and non-porous formations, two or more curves, recorded at different 
pressures, provide a means of determining, in place, the permeability 
of the formation. 

For example, if the differential pressure (hydrostatic head minus 
formation pressure) is increased by applying additional pressure on 
the mud column, the electro-filtration will increase in front of the 
more permeable formations, and if curves of self-potential are made 
at different pressures, it will be seen that the self-potential differ- 
ential curve is very similar to the permeability curve, as shown by 
Figure 17. In practice, this differential self-potential curve is a meas- 
ure of the permeability of the undisturbed formations, with respect 
to the fluids which they contain. Consequently, the permeability 
determined in this manner is a better guide to the behavior of a given 
formation under production or flooding conditions, than is the per- 
meability determined on a core, for example. For the same reason, 
electrical permeability and core analysis may not necessarily agree. 
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As work progresses, new avenues for the application of electrical 
logging will be perfected, and it is hoped that the work by this study 
group will render the subject of electrical logging more familiar to its 
users and will stimulate interest for a more complete and intricate 
study of the subject. 


Similarity ot Selt- Potential Differential 
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THE BASIS OF PRORATION IN TEXAS! 


WALLACE E. PRATT? 
New York City 


ABSTRACT 


The institution of proration is vital to the welfare of the oil-producing industry in 
the United States; yet its essential function is so commonly misinterpreted that its 
usefulness and even its continued existence are gravely menaced. Petroleum geologists 
are particularly concerned with the success of true proration and should not fail to 
understand its fundamental character. 

Oil producers too generally regard 1 pe oe as a form of curtailment designed to 
revent overproduction of crude oil and thereby to secure and maintain higher prices. 
| contrast to this generally held concept, proration in Texas, where it has been applied 
most widely and os , rests solely on (1) the conservation laws for the prevention 
of physical waste of oil asf gas, and (2) the police powers of the State for the protection 
of the citizen in his basic property rights. Even the provision for the “limitation to 
market demand,” frequently denounced as “production control,” is in fact fully 

justified as a means of preventing physical waste. 

Proration in Texas, then, can be employed only to prevent physical waste. In 
accomplishing this purpose it neither supersedes nor suspends the “law of capture.” 
Nevertheless, it ameliorates the excesses and inequities that have arisen out of the 
application of the law of capture in the past. 

If the industry adopts an attitude that proration is to be used by the individual 
states or by the Interstate seg a! to curtail production for the purpose of “stabilizing 
the industry” or “improving the price level,” it will force the courts to condemn a con- 
cept which in preventing ehal waste renders great service. 


Recent discussions among oil producers, as reported in the current 
journals of the industry, emphasize how widespread is the view that 
one objective of proration is to insure satisfactory prices. “The 
fundamental purpose of proration is to secure an outlet for every well, 
no matter where situated, at a fair price.’’ These are the words of a 
leading Mid-Continent operator, addressing the Board of Directors 
of the American Petroleum Institute last winter. 

Proration can not safely be used as an agency for increasing price. 
The American Government with its aversion to production controls, 
will not long tolerate an organized effort by competing producers, 
except possibly farmers, to increase prices through curtailment of 
production. 

Proration, as conceived and administered in Texas, where it has 
come to be most rigorously applied, is solely a measure for the preven- 
tion of physical waste in the production of petroleum. It functions 
through apportionment of the available outlet among competing oil 
producers and, at times when aggregate production exceeds total 
outlet, it restricts production. Even the provision for limiting produc- 

1 Presented by title before the association at Oklahoma City, March 23, 19309. 
Manuscript received, June 22, 1939. 

? Director, Standard Oil Company (New Jersey), 30 Rockefeller Plaza, 
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tion to market demand is designed solely to prevent physical waste. 
So zealous were the lawmakers of Texas in this connection that, in 
legislating against physical waste of petroleum, they expressly pro- 
vided that ‘‘waste shall not be construed to mean economic waste.” 
The true function of proration has been clearly defined time after 
time in the public utterances of Colonel E. O. Thompson, chairman 
of the Railroad Commission which administers the conservation laws 
of Texas. It is no mere coincidence that Texas’ adherence to the Inter- 
state Compact was specifically limited by Governor Allred and by 
Chairman Thompson to participation in measures for the prevention 
of physical waste of petroleum. Elimination of physical waste is the 
very essence of the conservation laws of Texas. 

The nature of true proration, as practiced in Texas, may be 
glimpsed by reviewing briefly the development of the conservation 
laws® and practices of that State. 

Texas, a State which produced oil as long ago as the year 1866, 
first adopted conservation laws in 1899, after oil production in the 
Corsicana field had become large enough to involve important waste. 
It was to prevent this obvious waste that the original legislation was 
enacted, and that the statutes were amplified by subsequent enact- 
ments in 1905, 1913, and rg17. In the latter year, the people of Texas, 
driven by their concern over wasteful methods of producing oil, went 
to the length of amending the constitution of the State (Section 
sA-a, Article XVI), declaring that “the conservation and develop- 
ment of all the natural resources of this state .. . are each and all 
hereby declared public rights and duties and the Legislature shall 
pass all such laws as may be appropriate thereto.” With this provision 
in the constitution itself, there could no longer be any doubt of the 
validity of the waste statutes of Texas. On this amendment and on the 
police power of the State the conservation regulations are based. 

Uniformly the conservation statutes of Texas aim to prevent 
physical waste. The “proration laws,’’ including the limitation to 
market demand, although carefully framed to maintain equity among 
competing producers, are essentially enactments designed to prevent 
waste. Texans would amend Herbert Hoover’s “conservation is effi- 
cient use” to read “conservation is efficient production and use,” 
with emphasis on “production.” 

Proration, in the sense of limitation of production on a uniform 
basis throughout an oil field, was first employed in Texas in the Yates 
field in 1927. The capacity of this field to produce oil increased so 


3 Robert E. Hardwicke, ‘Legal History of Proration of Oil Production in Texas,” 
Texas Law Review (Austin, Texas, October, 1937). 99 pp. 
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rapidly following discovery that it soon far exceeded pipe-line outlet. 
At the suggestion of the principal purchasing company‘ which was 
also a producer in the field, and with the approval of the Railroad 
Commission, whose action was prompted solely by its desire to pre- 
vent physical waste, Yates field producers distributed on an equitable 
basis among wells capable of yielding perhaps 100,000 barrels per 
day, the total available pipe-line outflow of some 30,000 barrels per 
day. Ail leasehold properties in the field, including the properties of 
purchasing companies, were so restricted in production as to permit 
each to share ratably in the market. 

In the following year, flush production in Winkler County was 
“prorated” under a formal order of the Railroad Commission, and 
since that time practically every flush field in Texas has been pro- 
rated. It was not until 1930, however, that Texas, following the lead 
of Oklahoma, limited the total production of the state by Railroad 
Commission order to an amount not to exceed the reasonable market 
demand. Exhaustive hearings had been held and numerous witnesses, 
qualified as experts, had appeared before the Commission to testify 
that underground waste is caused by non-uniform withdrawals from 
a natural oil reservoir, such as occur when one property remains shut 
in because of the lack of market, while another property, having access 
to the market, produces without restraint. Such production practice 
clearly dissipates reservoir energy, promotes irregular encroachment 
of bottom or edge water, sets up reservoir pressure gradients, and 
otherwise acts to diminish ultimate recovery. Incomplete recovery 
of the oil and gs content of the reservoir is recognized as a distressing 
form of physical waste. 

Obvious as these facts are to the petroleum geologist, the courts 
were not immediately convinced of their validity. In July, 1931, a 
United States District Court held that an order of the Railroad 
Commission limiting production in the East Texas field to reasonable 
market demand was invalid, having no relation to physical waste, 
and declared that the testimony of geologists and other experts to 
the effect that dissipation of reservoir energy caused irregular advance 
of the water table, resulting in underground waste, was mere specula- 
tion, not acceptable as evidence in the Court. Deeply rooted in the 
mind of the Court was the suspicion that proration orders based on 
the theory that production in excess of market demand causes waste 
were merely “price fixing.”’ In spite of the decision of the Supreme 
Court, in May, 1932, upholding the market demand statute in Okla- 
homa, it was not until February, 1934, and not until actual producing 

* Humble Oil and Refining Company. 
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history in the field itself had abundantly proved the validity of the 
original contention of the experts, that the Federal District Court 
finally upheld an order of the Railroad Commission limiting produc- 
tion in the East Texas field to the reasonable market demand for oil 
from that field. 

The long and involved history of court action over proration 
orders in the East Texas field demonstrates how completely the 
conservation regulations in Texas, including the proration laws, rest 
upon the prevention of physical waste. It reveals also how insidious 
and fatal to true conservation is any suspicion in the mind of a court 
that proration really seeks to control prices. It would be deplorable 
if the government or the public became similarly convinced that 
proration is a price-fixing device. 

Proration in Texas does not nullify the law of capture. The law of 
capture attempts to give practical expression to the fundamental 
right of every owner to recover the oil which underlies his property. 
It assumes that this objective is accomplished when every producer 
enjoys equal opportunity to reduce his oil to possession, and it at- 
tempts to make this equality of opportunity uniformly attainable 
by decreeing that any oil produced from a well drilled within the 
limits of a given property belongs to the owner of that property. It 
is obviously a “rule of convenience”’ designed to make effective in an 
every-day world the more fundamental law of property that owner- 
ship of the subsoil vests in the owner of the surface. 

Properly administered, proration protects each competing pro- 
ducer in his fundamental right to reduce to possession that part of 
the total recoverable content of the reservoir that originally underlay 
his property. But it restrains each producer ratably in his effort under 
the subordinate rule of convenience, to produce at maximum speed. 
In this fashion it may be said to modify the law of capture. Inciden- 
tally, it increases greatly the total volume of recovery from the types 
of reservoirs most common in Texas. 

Perhaps the most valuable contribution to the welfare of the 
oil-producing industry that has come out of Texas’ experience with 
proration is in the nature of a by-product rather than a primary 
objective. This contribution is the graphic demonstration that the 
East Texas field, restrained in its flow under the proration orders of 
the Railroad Commission, can be made to yield its oil without any 
concurrent .dissipation of reservoir energy as measured by bottom- 
hole pressures. Perhaps no oil field had ever previously been operated 
on a permanent basis except at the expense of reservoir pressures. But 
East Texas has produced for years now in such fashion as conclusively 


j 
} 
f 
4 
| 
| 
| 
| 
| 
= 


1316 WALLACE E. PRATT 


rapidly following discovery that it soon far exceeded pipe-line outlet. 
At the suggestion of the principal purchasing company‘ which was 
also a producer in the field, and with the approval of the Railroad 
Commission, whose action was prompted solely by its desire to pre- 
vent physical waste, Yates field producers distributed on an equitable 
basis among wells capable of yielding perhaps 100,000 barrels per 
day, the total available pipe-line outflow of some 30,000 barrels per 
day. All leasehold properties in the field, including the properties of 
purchasing companies, were so restricted in production as to permit 
each to share ratably in the market. 

In the following year, flush production in Winkler County was 
“prorated” under a formal order of the Railroad Commission, and 
since that time practically every flush field in Texas has been pro- 
rated. It was not until 1930, however, that Texas, following the lead 
of Oklahoma, limited the total production of the state by Railroad 
Commission order to an amount not to exceed the reasonable market 
demand. Exhaustive hearings had been held and numerous witnesses, 
qualified as experts, had appeared before the Commission to testify 
that underground waste is caused by non-uniform withdrawals from 
a natural oil reservoir, such as occur when one property remains shut 
in because of the lack of market, while another property, having access 
to the market, produces without restraint. Such production practice 
clearly dissipates reservoir energy, promotes irregular encroachment 
of bottom or edge water, sets up reservoir pressure gradients, and 
otherwise acts to diminish ultimate recovery. Incomplete recovery 
of the oil and gas content of the reservoir is recognized as a distressing 
form of physical waste. 

Obvious as these facts are to the petroleum geologist, the courts 
were not immediately convinced of their validity. In July, 1931, a 
United States District Court held that an order of the Railroad 
Commission limiting production in the East Texas field to reasonable 
market demand was invalid, having no relation to physical waste, 
and declared that the testimony of geologists and other experts to 
the effect that dissipation of reservoir energy caused irregular advance 
of the water table, resulting in underground waste, was mere specula- 
tion, not acceptable as evidence in the Court. Deeply rooted in the 
mind of the Court was the suspicion that proration orders based on 
the theory that production in excess of market demand causes waste 
were merely “price fixing.’’ In spite of the decision of the Supreme 
Court, in May, 1932, upholding the market demand statute in Okla- 
homa, it was not until February, 1934, and not until actual producing 
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history in the field itself had abundantly proved the validity of the 
original contention of the experts, that the Federal District Court 
finally upheld an order of the Railroad Commission limiting produc- 


tion in the East Texas field to the reasonable market demand for oil: 


from that field. 

The long and involved history of court action over proration 
orders in the East Texas field demonstrates how completely the 
conservation regulations in Texas, including the proration laws, rest 
upon the prevention of physical waste. It reveals also how insidious 
and fatal to true conservation is any suspicion in the mind of a court 
that proration really seeks to control prices. It would be deplorable 
if the government or the public became similarly convinced that 
proration is a price-fixing device. 

Proration in Texas does not nullify the law of capture. The law of 
capture attempts to give practical expression to the fundamental 
right of every owner to recover the oil which underlies his property. 
It assumes that this objective is accomplished when every producer 
enjoys equal opportunity to reduce his oil to possession, and it at- 
tempts to make this equality of opportunity uniformly attainable 
by decreeing that any oil produced from a well drilled within the 
limits of a given property belongs to the owner of that property. It 
is obviously a “rule of convenience” designed to make effective in an 
every-day world the more fundamental law of property that owner- 
ship of the subsoil vests in the owner of the surface. 

Properly administered, proration protects each competing pro- 
ducer in his fundamental right to reduce to possession that part of 
the total recoverable content of the reservoir that originally underlay 
his property. But it restrains each producer ratably in his effort under 
the subordinate rule of convenience, to produce at maximum speed. 
In this fashion it may be said to modify the law of capture. Inciden- 
tally, it increases greatly the total volume of recovery from the types 
of reservoirs most common in Texas. 

Perhaps the most valuable contribution to the welfare of the 
oil-producing industry that has come out of Texas’ experience with 
proration is in the nature of a by-product rather than a primary 
objective. This contribution is the graphic demonstration that the 
East Texas field, restrained in its flow under the proration orders of 
the Railroad Commission, can be made to yield its oil without any 
concurrent .dissipation of reservoir energy as measured by bottom- 
hole pressures. Perhaps no oil field had ever previously been operated 
on a permanent basis except at the expense of reservoir pressures. But 
East Texas has produced for years now in such fashion as conclusively 
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to prove that reservoir pressures can be maintained indefinitely at a 
constant level if the rate of withdrawal be controlled to that end. 
In fields of this type (hydraulic control) reservoir pressures can even 
be restored to their original values, after being depleted by too rapid 
withdrawals, through progressive restriction of the rate of flow. This 
restoration of original pressures, after considerable depletion, has 
actually been accomplished in the Sugarland field in the Texas Gulf 
Coast region. 

Next in importance, perhaps, among the benefits arising from this 
experience with proration in Texas is the proof that proration is in 
fact something more than a “price-fixing scheme.”’ Early testimony 
of geologists and experts in courts and before conservation boards 
proved to be not mere speculation, as the first opinions of the Federal 
District Court judge charged. Texas’ experience with proration has 
now amply demonstrated the validity of these ideas in their applica- 
tion to a great oil field, East Texas. An informed, enlightened view- 
point in the courts of justice is indispensable to true conservation and 
except for our East Texas experience such a viewpoint could scarcely 
be so firmly established even at this late date. 

In oil fields with divided ownership, proration is essential to 
conservation and to maximum recovery. Without proration, retarded 
withdrawal rates can not be effectively enforced. If withdrawal rates 
can not be uniformly retarded, ultimate recovery is greatly dimin- 
ished. The degree to which ultimate recovery can be increased by 
retarding the rate of withdrawal is not widely realized. The utility 
of extreme retardation has been emphasized in another paper.’ With- 
drawals of more than about 450,000 barrels of fluid daily deplete 
reservoir pressures in the East Texas field. Maximum ultimate re- 
covery is obtained by maintenance of undiminished reservoir pres- 
sures. Therefore, withdrawals from East Texas, an oil field originally 
containing a volume of recoverable oil estimated at 3 or 4 billion 
barrels, must be distributed through a period of some 8,000 days, or 
more than 20 years, if maximum recovery is to be attained. Similarly, 
Sugarland, with original reserves estimated at from 60 to 70 million 
barrels, can produce only 5,000 barrels, or so, per day without deplet- 
ing its reservoir pressure. For maximum recovery it should be oper- 
ated on a basis of about 35 years producing life. 

There is a widespread feeling that such greatly retarded with- 
drawal rates as are suggested above benefit only the exceptional 
field. In other words, it is contended that reservoir pressures can not 


5 Wallace E. Pratt, ‘“Thirty-Year Oil Fields,” Bull. Amer. Assoc. Petrol. Geol., Vol. 
22, No. 12 (December, 1938). 


~ 
Ge 
; 
J 
»% 


BASIS OF PRORATION IN TEXAS 1319 


be maintained in the typical oil field, no matter how slowly with- 
drawal takes place. It may be suspected that this view contains an 
element of wishful thinking, although it is, of course, valid in the 
rare case of a reservoir completely under volumetric control (high 
gas-oil ratio, no hydraulic pressure.) We like to produce our oil 
rapidly because in so doing our investment returns to us promptly. 
That the life of the average oil field can be extended to 20 or 30 years 
of practically constant flow with attendant increases of both profit 
and total recovery may be debatable, but it can hardly be doubted 
that both profit and ultimate recovery will be augmented by reducing 
drastically withdrawal rates in effect in many flush oil fields today. 

Proration is indispensable if withdrawals are to be uniformly 
retarded. Withdrawals must be uniformly retarded if ultimate re- 
covery is to be a maximum. If ultimate recovery is less than a maxi- 
mum, physical waste is involved. Physical waste in Texas is forbidden 
by the conservation laws, subject, of course, to the “‘rule of reason.” 
This simple argument justifies proration, including limitation to 
market demand, and defines its legal basis in Texas. 
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STRUCTURAL AND MAGMATIC PROCESSES IN 
THE ISOSTATIC LAYER' 


MALVIN G. HOFFMAN? 
Tulsa, Oklahoma 


ABSTRACT 


In the continental areas the outer 60 miles of the earth is herein referred to as the 
isostatic layer. This is subdivided from the surface downward as follows: a 1o-mile 
granitic and sedimentary layer, a 20-mile intermediate layer of basic crystalline rocks, 
and a 30-mile layer of tachylyte. The uppermost and intermediate layers are generally 
referred to as the crust. 

Below the isostatic layer the earth is cooling and shrinking. Stresses in the isostatic 
layer are piled up until the breaking point is reached when these stresses are relieved 
by deformation of the crust. Mountain ranges are folded up and geosynclines are down- 
warped. Approximate isostatic balance is maintained throughout this series of events. 

Great masses of sediments will be deposited in the downwarps. A 2,000-foot basin 
will hold 12,000 feet of sediments because the deposited material is 2? as heavy as the 
material below that is replaced during periods of isostatic adjustment. The trough will 
be further deepened by rise of the level of base level. This is brought about by displace- 
ment of the sea water as the land masses are deposited in the ocean basins. Down- 
folding of the geosynclines will also occur as a result of geothermal changes. It is esti- 
mated that the rate of erosion exceeds the rate of thermal changes within the earth so 
that during a period of erosion the isogeotherms will be turned up. Downwarping will 
follow base-leveling merely as the isogeotherms return to normal. This may amount to 
as much as 1,000 feet and may be added to the downwarping brought about by crustal 
collapse and deepening resulting from the rise of the level of base level. In general 
about 9,000 more feet of sediments may be assigned to the basin through deepening 
brought on by thermal and base-level changes, making a total of 21,000 feet of beds. 

Collapse of the crust at this time will fold this prism of sediments into a great moun- 
tain system. The beds must be downfolded about six times as much as they are up- 
folded in order to maintain isostatic balance. Compressive stresses will be dominant 
and the types of structures that will be formed are close folds, overturned folds, and 
thrust faults. Erosion of the mountain system will be accompanied by periodic vertical 
thrusts, These are effected as a result of isostatic adjustment. Compressive stresses 
will still be present but they will be secondary and brought on as only incidental to 
the vertical movements. 

Final erosion of this mountain system will leave the isogeotherms turned up. As 
the isogeotherms return to normal the resulting shrinkage will form a basin right where 
the high mountain range once stood. Crustal collapse will deepen the downwarp 
already begun and the new series of sediments will be separated from the first by a very 
marked angular unconformity. 

Another series of events may be started during the late stages of erosion. The 
viscosity of the subcrustal tachylyte layer may be reduced, by removal of overlying 
rock pressures and slight rise of temperature, to the point where crystals of olivine may 
begin to form in it. Once this process of fractional crystallization commences it will gain 
in momentum and a magma will be formed. Convection currents will stir the liquid 
body and it will work its way upward by selective fusion. When it reaches the zone 
of fracture it will be intruded and extruded. Repeated intrusions and extrusions will 
occur until the magma finally will be solidified. Cooling of the magmatic zone will cause 
— and downwarping, and this area once again will become the site of a geo- 
syncline. 


1 Read before the Society of Exploration Geophysicists at the annual meeting in 
Oklahoma City, March 23, 1939, and before the Tulsa Geological Society, February 20, 
1939. Manuscript received, June 15, 1939. 


2 Chief geologist, Midco Oil Corporation. The writer is indebted to Albert Johann- 
sen of the University of Chicago and J. A. Sharpe of the Stanolind Oil and Gas Com- 
pany for reading and criticizing the manuscript, and to C. C. Toomey of the Midco 
Oil Corporation and Howard Clark of the Bryan Petroleum Company for assistance 
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The earth is ever in the process of change. Land masses rise high 
above the oceans and are worn down to water level only to rise again. 
Great quantities of magma are intruded into the crust and poured 
out onto the surface. Large sections of the crust are downwarped and 
filled with sediments. Other sections are crushed into high mountain 
ranges. These structural and magmatic changes present innumerable 
problems many of which extend beyond the field of geology. In order 
to study them it is necessary to combine the work of the geologist 
and the geophysicist. Only by uniting the views of both groups of 
scientists can we ever hope to attain a true understanding of the 
earth and the processes to which it is subjected. 

This planet is a very rigid body to the seismologist and a rather 
mobile globe to the geologist, yet these two views are compatible. 
The seismologist looks at the earth as a whole while the geologist 
occupies himself principally with crustal changes. The data on earth 
tides, precession of the equinoxes, and seismic waves all indicate that 
the rigidity of the earth is greater than that of steel. The geologic 
data regarding accumulation of great bodies of sediments with the 
attendant sinking of the basins to accommodate these deposits, 
folding of mountain ranges and erosion to base level, movement along 
fault planes, intrusion and extrusions of great lava bodies, all. tend 
to emphasize mobility. 

The geologist can not disregard the information compiled by the 
seismologist and geophysicist, and neither can the seismologist and 
geophysicist neglect to make their ideas conform to the facts of 
geology. In an earlier day, the geologist could explain that magmas 
came from a liquid subcrustal layer. Today, no credence is given to a 
liquid substratum although a liquid core is quite probable. Seismic 
observations show that transverse waves are carried down through 
the earth to a depth of about 1,850 miles before they are damped. 
At this level there is a very marked discontinuity as noted by reduc- 
tion in velocity of the primary waves. The seismologists are therefore 
very strongly inclined to regard the core of the earth as liquid and its 
radius just 2 little more than half that of the whole earth. 

Above the core, the earth is solid. It may or may not be crystalline, 
but theoretical studies made by the geologists tend to show that a 
reasonable pursuit of the course of events of the earth’s early history 
indicates that most of it is crystalline, and whatever glass is present 
should be confined within the upper 60 or 70 miles. It is further noted 
that the existence of deep-foci earthquakes* indicates‘ considerable 


3B. Gutenberg and C. F. Richter, “Depth and Geographical Distribution of 
Deep-Focus Earthquakes,” Bull. Geol. Soc. America, Vol. 49 (1938), pp. 249-88 


* Andrew Leith and J. A. Sharpe, ““Deep-Focus Earthquakes and Their Geological 
Significance,” Jour. Geology, Vol. XLIV (1936), pp. 877-017. 
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strength down as far as 700 km. That portion of the earth from the 
liquid core to the base of the 60-mile zone, is relatively homogeneous 
as determined by the seismic velocities, and according to the applica- 
tion of the principles of magmatic differentiation by J. H. L. Vogt, 
N. L. Bowen, Harold Jeffreys, L. H. Adams, and others, it is composed 
of dunite, a monomineralic rock of olivine, and is referred to as the 
dunite layer. 

The outer 60 miles of the earth is very complex. The acidic rocks 
are confined almost entirely to the continental areas; the oceanic 
regions, with minor exceptions, are underlain by basic rocks. Under 
the continents, to a depth of approximately 10 miles, the rocks are 
largely sediments and granites. Below this ro-mile layer is another 
referred to as the intermediate layer which is from 15 to 20 miles 
thick and is thought to be composed of rocks more basic than granites, 
perhaps gabbro with some diorite in the upper part. It is also very 
interesting to note that the principal discontinuity in seismic wave 
velocity, the Mohorovitié discontinuity, occurs at the base of the 
intermediate layer. The oceanic regions are thought to be underlain 
by crystalline basaltic rocks down to depths of 10 or 20 miles. 

What is believed to exist immediately below the crystalline 
layers of both the continents and oceans is purely speculative. Daly’s® 
supposition that the subcrustal layer is glassy basalt or tachylyte 
seems to be a very logical basis from which to work. It offers a reason- 
able explanation for so many of the vexing problems of geology, al- 
though it should be pointed out that as yet there is no definite seismic 
evidence for the existence of such a layer. 

The tachylyte layer is thought to be universal and extends from 
the base of the crystalline intermediate layer to the top of the crystal- 
line dunite layer. It is bottomed at a depth of about 60 miles which 
is close to the level of isostatic compensation of Bowie,® and the level 
of no strain of Jeffreys.’ 

As the present paper deals principally with the continental seg- 
ments it might be well to summarize briefly the supposed earth 
divisions under the land areas. A dunite layer 1,800 miles thick rests 
on the liquid core. The top of this layer is close to the level of isostatic 
compensation and approximately at the level of no strain. The dunite 
layer is overlain by the tachylyte layer. It is 30 miles thick and its 
upper surface is marked by the Mohoroviéié discontinuity. Next in 


5 R.A. Daly, Our Mobile Earth, 1929 edition, p. 92. 


* Wm. Bowie, “Investigations of Gravity and Isostasy,” U. S. Coast and Geodetic 
Survey Special Publication No. 4o (1917), p. 112. 


7 Harold Jeffreys, The Earth, 1929 edition, p. 282. 
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order is the intermediate layer about 20 miles thick. It is succeeded 
by the granitic and sedimentary layers, which together have a total 
thickness of about 10 miles. The layers above the Mohorovitié dis- 
continuity are usually referred to as the “crust.” The entire outer 
60 miles of the earth, in this paper, is termed the “isostatic layer.” 


CRUSTAL COLLAPSE 

Folding and warping of the superficial earth layers indicate quite 
conclusively that the crust has been shortened. This is explained by 
collapse of the crust on a shrinking interior. The temperature of the 
isostatic layer remains essentially constant while the interior cools 
and shrinks. The isostatic layer is kept in contact by the pull of 
gravity. Stresses in the crust grow until the breaking point is reached 
when relief is accomplished by folding and faulting. Such a geological 
revolution would probably mark the close of an era. 

The process is cyclic. The interior continues to shrink. Stresses in 
the crust are built up again to the breaking point, and relief by crustal 
adjustment will mark the close of another era. 

Jeffreys has shown that there has been enough shrinkage to ac- 
count for five periods of major readjustment. He stated,® 

An average cooling of about 500°C. is to be expected through depths down 
to 400 km. This, with a volume contraction of 5 per cent would imply a reduc- 
tion of 20 km. in radius and therefore of 130 km. in circumference. To this 
should be added allowances for contraction in crystallization and for loss 
of volume due to extrusion of volatile constituents, especially water. The 
cooling below the oceans is probably greater than below the continents. The 
uncertainties in all the determinations, however, are such that we can only 
say that the compression of the crust is of the order of 200 km.; it may easily 
be half or twice this. . . . If the shortening of the crust is 200 km. the reduction 
in the area of the earth’s surface is 5 X 10'* cm®. The areal compression needed 
to account for all the mountains of the globe was about 2 X10"* cm?, subject 
to some increase to allow for old ranges already denuded away (and probably 
not yet known or included in the calculations). The available compression 
would therefore appear ample, and perhaps indeed embarrassingly super- 


fluous, if the geological estimates of the observed compression had not 
recently been so much increased. 


If the radius of the earth were shortened 3 miles the areal reduc- 
tion would be 300,000 square miles. Areal reduction of such magni- 
tude would account for 10,000 miles of mountains with 30 miles of 
tangential shortening. This would be quite sufficient to produce most 
of the mountain systems that have been formed during any one era, 
especially when it is considered that shortening will take place through 
the entire 60-mile layer, and not merely in the superficial layers. But 


8 Harold Jeffreys, The Earth, 1929 edition, pp. 281-95. 
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crustal shortening is not the only means by which mountains may be 
formed. As will be shown below great elevations also may be produced 
by magmatic processes. 

ISOGEOTHERMS 

The surfaces of equal temperature within the earth are termed 
isogeotherms. Normally, they are considered to be parallel to each 
other and to the geoid surface. Bending or folding of the crust will 
depress or arch them after which they will tend to return to normal. 
The rate of return is very slow as indicated by the conductivity of 
rocks and the rate of cooling of the earth since its formation. Adams? 
and Jeffreys’® have stated that the earth has cooled but little below 
the temperature of crystallization at depths lower than 450 miles, 
and that the average amount of cooling in the upper layers since 
formation has been about 500°C. It is apparent that only the outer 
layers have been cooled by any considerable amount and the average 
rate of heat loss is exceedingly slow. 

The rates of mountain building and denudation are much more 
rapid than the rate of earth cooling. Mountain ranges have been 
folded up and reduced to base level during a period or two of geological 
time, a matter of tens of millions of years, while the cooling of the 
earth has gone on for about 2 billion years. Temperature adjustments 
in the crust have therefore lagged far behind folding and erosion. 

The isogeotherms will be turned down during loading of a geosyn- 
cline and arched up during the erosion of a mountain system. The 
differences in elevation effected by isogeothermal changes will be 
considerable. According to the calculations of Bowie" the isogeo- 
therms will be bent out of normal by as much as 250°C. in the 60-mile 
isostatic layer. Using the coefficient of expansion for marble he esti- 
mates that the increase of elevation produced by a temperature rise 
of 250°C. will be 2,850 feet. The temperature variations determined 
by the writer are much less than those calculated by Bowie, but are 
still large enough to be quite important. They do not exceed 75° to 
100°C. so Bowie’s elevation differences are reduced from 2,850 feet 
to about 1,000 feet. 

ISOSTASY 


The earth’s crust is essentially in a state of balance. Regions which 
are high are compensated by being composed of low-density rocks, 
and regions which are low are underlain by high-density rocks. The 


*°L. H. Adams, “Temperatures at Moderate Depths within the Earth,” Jour. 
Washington Acad. of Sci., Vol. 14 (1924), p. 465. 


10 Harold Jeffreys, The Earth, 1929 edition, p. 281. 
1 William Bowie, Isostasy, pp. 250-51. 
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sedimentaries and acidic crystalline rocks are concentrated in the 
continental masses and the basic rocks are found almost exclusively 
in the oceanic areas. Washington” stated, 

The average density of igneous rocks of a region varies in the opposite 


sense as the average altitude. The results of the study, therefore, harmonize 
with and corroborate the theory of isostasy. 


Johannsen came to a similar conclusion from a study of the color 
ratios of American and European rocks. The average elevation of 
North America is higher than that of Europe. He wrote,'* 


North American rocks are shown to be universally lighter in color (and 
therefore also in density) than European rocks of the same kind. 


He drew curves for granites, granodioritic granites, rhyolites, gabbros 
and basalts, and almost without exception the North American curves 
were higher than the European curves, showing a greater amount of 
the lighter-colored minerals in the American rocks than are present 
in the European rocks. 

It is now recognized that mountain ranges are not extra loads on 
the crust nor are the ocean basins evidence of a deficiency of crustal 
material. Nor is it true that the crust has no strength at all. The 
amount of strength possessed by the crust is indicated by the size 
of the gravity anomalies. A few of them are quite large, suggesting 
some local abnormality, but on the average the isostatic anomalies 
are 15 per cent out of perfect adjustment." 

Anomalies are continually being produced by erosion and deposi- 
tion. Mountains are unloaded and isostatically adjusted by uplift 
while basin segments are loaded and corrected by sinking. 

The quantity of sediments which may be piled into a basin will 
depend upon the relative density of the sediments and the density of 
the material that is displaced below. Sedimentary rock ranges in 
density from 2.4 to 2.8, and the heavier material below that is 
displaced during periods of isostatic adjustment, ranges in density 
* from 3.0 to about 3.4. The ratio is approximately 5 to 6. This means 
that for every 600 feet of sediments that are piled into a basin, 500 
feet of material will be displaced below. After isostatic adjustment, a 
layer of beds 600 feet thick will leave the bottom of the basin 100 
feet higher than it was before sedimentation. It will be necessary to 
put 6,000 feet of sediments into a 1,000-foot basin in order to fill it. 

2H. S. Washington, “Isostasy and Rock Density,” Bull. Geol. Soc. America, Vol. 
33 (1922), Pp. 375-410. 


18 Albert Johannsen, ‘(Comparative Color Ratios of American and European 
Rocks,” Jour. Geol., Vol. 36 (1928), pp. 283-86. 


4 William Bowie, Isostasy, p. 76. 
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BASE LEVEL 


The filling of basins and reduction of mountain systems are ac- 
companied by changes in base level. The history of the earth bears 
chapters of widespread mountain building and general uplift, followed 
by long periods of erosion and general denudation. The land masses 
are moved into the sea. The water is displaced and the ocean level 
rises. The process is gradual so the change is noted as encroachment 
of the seas upon the land, oftentimes referred to as a rising strand 
line. The oceanic areas are about three times as extensive as the 
continental areas; therefore the rate at which the strand line will rise 
is about one-third of the rate at which the land areas will be reduced. 

The land areas today have an average elevation of about 2,100 
feet."® If all of this were sliced off and dumped into the oceans the 
water level would rise about 700 feet. The actual amount of rise re- 
sulting from the ordinary processes of erosion would be about half 
of this amount because the seas would encroach as the denudation 
progressed. By the time base level is reached on our present conti- 
nents, the level of the sea will have risen only half of the 700 feet or 
a distance of 350 feet. 

This is only part of the story since the upland areas have already 
been greatly affected by erosion. High mountains, such as the Hima- 


.layas, Alps, Rockies, and Andes, have been eroded to such an extent 


that the average elevation of their valleys is only about one-fourth 
the average elevation of the mountain peaks. Probably, it would not 
be far wrong to consider that the reduction of the continental masses 
has already progressed about half way. It follows, then, that from 
widespread uplift to widespread denudation the level of base level 
may rise about 700 or 800 feet. 


FUNDAMENTAL FACTORS OF CRUSTAL DEFORMATION 

Consideration of the preceding exposition denotes that there are 
four basic factors that must be considered in a study of mountain 
systems: (1) the collapse of the crust on a shrinking interior producing 
mountain systems and geosynclines; (2) adjustment of isogeotherms 
following periods of folding and periods of extreme erosion; (3) iso- 
static adjustment during crustal collapse and during all stages of 
erosion and deposition; (4) change of the level of base level. 


HISTORICAL COURSE OF A MOUNTAIN SYSTEM 
This history of a mountain system begins with the deposition of 
sediments in a geosyncline. Some of the large regional downwarps 


1% H. S. Washington, op cit., p. 375. 
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were more or less elongate and bounded by high land areas. Such were 
the Appalachian and Cordilleran geosynclines. There were also broad 
shallow basins bounded on only one side by high land areas and on 
the other side by low-lying areas, such as some of the inland basins, 
for example, the broad Cretaceous sea of the western interior. Others 
may have been far from the areas of erosion and surrounded partly by 
deep water such as the Gulf Coast region today. In general, a geo- 
syncline may be considered as any large area of sedimentation, no 
matter what its shape, or how far it is removed from the areas that 
supply its sediments. 

The nature of the sediments in a geosyncline indicate clearly that 
the troughs must have been quite shallow throughout most of their 
existence. Undoubtedly, they were depressed as they were filled, and 
the amount of depression can be measured by the great thicknesses 
of beds found in them. The Ouachita geosyncline’ of southeastern 
Oklahoma received from 25,000 to 30,000 feet of sediments, and other 
basins, such as those in California’? and southeastern Canada,'* are 
estimated to have been filled with sedimentary rocks more than 40,000 
feet thick. 

Sinking may have been gradual or periodic. The strength of the 
crust and the unconformities in the rock series strongly favor perio- 
dicity, yet there may have been times when sinking was continuous 
and gradual. 

Crustal warping alone may form a geosyncline 2,000 feet deep. 
The total amount of folding may be 2,000 feet but the basin may 
never have had that depth at any time during its existence. Sedi- 
mentation would keep pace during the long period of sinking. A 
basin of this size is not an exaggerated supposition. The Gulf Coast 
embayment is several thousand feet deep and many thousands of feet 
of sediments have already been laid down in it. 

The geosyncline is assumed to be approaching isostatic balance 
during the course of its formation. Even as the basin is being down- 
warped it is being overloaded by the deposition of sediments. Over- 
loading will continue until the breaking point is reached and adjust- 
ment will occur. The basin will be depressed by some amount in 
addition to what would have established isostatic adjustment due to 
crustal warping alone. Sinking will not, of course, be even and regular 


16 H. D. Miser, “Structure of the Ouachita Mountains of Oklahoma and Arkansas,” 
Oklahoma Geol. Survey Bull. 50 (1929), p. 7. 


17 J. A. Sharpe communicated personally that seismic reflections have been re- 
ceived from a depth of 40,000 feet in the Ventura Basin of California that are believed 
to have come from sedimentary beds. 


18 L. V. Pirsson and Chas. Schuchert, Outlines of Historical Geology (1924), p. 494. 
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throughout, but the general direction of the movement will be 
downward. 

The greatest thickness of sediments will be in the deepest part of 
the basin in the epicontinental seas, and at some distance from the 
shore line in those basins which are on or close to the continental 
shelves. That portion of the basin which has the greatest load will be 
depressed the most and the greatest thickness of sediments will be 


deposited in approximately the same area after each period of ad- 
justment. 


-1000 


Fic. 1.—A. Cross section of basin before sedimentation. 
B. Sedimentation has displaced water and widened area of deposition. 


C. Isostatic adjustment has deepened basin and reconfined water. 
Marginal sediments are now exposed to erosion. 


D. Second series of sediments overlaps unconformably on first series of 
sediments along the margins of basin. 


The water in the basin is shallowed and extended as it is displaced 
by sediments (Fig. 1). Adjustment will deepen the trough and recon- 
fine the water, exposing the marginal deposits to erosion. As the basin 
is filled during the second stage of deposition the water will again 
be displaced and spread out. That part of the basin which was sub- 
jected to erosion will be covered by the second group of beds and their 
contact with the first series will be unconformable. The complete 
series of sediments will be marked by a number of such unconformi- 
ties, each one recording a periodic sinking of the basin. 
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Normal faulting will occur along the margins of the basins (Fig. 2). 
Rock can not be stretched very far before breaking. The deepest part 
of a basin which has received from 20,000 to 25,000 feet of sediments 
will have been depressed 4 to 5 miles. A section of the crust 150 miles 
across which has been bent down a maximum of 5 miles will have been 
stretched about } mile. This accounts for sufficient horizontal dis- 
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Fic. 2.—A. First series of beds is deposited in basin. 
B. Sinking of basin has faulted first series of beds which is overlapped 
unconformably by second series which is not faulted. 
in Seomad stage of sinking has faulted the beds again. First beds have 
been faulted twice, second series of beds has been faulted once, third series is not 
faulted and overlaps the others. 


placement to allow for the formation of many normal faults of great 
magnitude. The angle of dip will be between 45° and go° into the 
basin, although faults dipping away from the basin may also be 
developed. The faults will be marginal because the adjacent land 
masses will be rising due to unloading, and the basin area will be 
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sinking as a result of loading. There will be pulling away from the 
margins in both directions. 

Movement along the fault planes will be periodic in accordance 
with periodic isostatic adjustment. Once breaks have been made they 
will become planes of weakness and the locus of movement for later 
adjustments. The lower beds will therefore suffer greater displacement 
than the upper beds since they will experience a larger number of 
displacements. The theory of fault scarps along the margin of geo- 
synclines has already received practical application. Harlton'® con- 
ceived the idea of fault scarps along the outer margin of the Ouachita 
basin. He found it a very logical explanation for the high land area 
which must have existed at one time to supply the coarse sediments 
occurring there. 

Only part of the downwarping of a geosyncline is caused by crustal 
shortening during crustal collapse. Some of it may be due to the lower- 
ing of the isogeotherms and to the rise of base level. It was indicated 
that the amount of deepening brought about by heat adjustment may 
be 800 to 1,000 feet, and that resulting from a rising strand line, 
700 or 800 feet. If a combination of both would produce a sinking 
of 1,500 feet in addition to the 2,000 feet of crustal warping, there 
would be room in the basin for 9,000 feet more of sediments. The total 
thickness of beds would be 21,000 feet which is about the quantity 
found in the Ouachita geosyncline. 

When the basin is full, the top beds will be at or close to base level. 
Were this not the case, further erosion would cause an additional rise 
in the strand line and the process would continue until equilibrium is 
reached. At just about this time the crust may collapse on the shrink- 
ing interior. If not, there may be a long period of quiesence until the 
crustal adjustments do occur to compress the sediments into a moun- 
tain system. 

Most of the shortening will be taken up by the sedimentary prisms 
because they are the weakest parts of the crust. Their cross sections 
may be reduced by as much as one half. A basin 150 miles across may 
be shortened until it is only 75 miles wide. 

A mountain system which is folded up must be also folded down. 
To maintain the isostatic balance it is necessary to fold down the 
basin about 6 miles for every mile of upfolding. If the basin contains 
20,000 feet of sediments, and is in isostatic adjustment before folding, 
the bottom will have been lowered 4 miles during deposition. It 
would require an additional depression of 6 miles to build up a moun- 


1° Bruce H. Harlton, “Stratigraphy of the Bendian of the Oklahoma Salient of the 
Ouachita Mountains,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), p. 863. 
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tain range a mile high. This would put the bottom of the basin down 
to a depth of 10 miles when adjustment is completed. 

During the folding, the isogeotherms will be depressed at a much 
greater rate than they could be corrected by ordinary heat conduction. 
The rise of the isogeotherms will record the heating and expansion of 
the segment containing the mountain system. Expansion of the order 
of 1,000 feet would occur as the isogeotherms returned to normal. 

Another item which has not yet been expressed quantitatively is 
the heat developed by friction during the folding and crushing of the 
sedimentary prism. It may be of importance, and the resulting ex- 
pansion would add to the height of the system. 

Tangential compressive stresses will be dominant when the crust 
is refitted to its foundation. The large amount of shortening which 
will occur in the geosynclinal prisms will develop intense crumpling, 
overturned folds, and thrust faults. 

After the mountain system is formed and crustal equilibrium is 
established the principal direction of movement will be vertical. 
Erosion of the highlands will upset the isostatic balance and the ad- 
justment will be upward. Even though the segment will be pushed 
upward to reéstablish the balance of isostasy, the beds in the moun- 
tain system will be under intense compressive stresses throughout 
most of their history. The downfolded sedimentaries will be- con- 
tinually crumpled and faulted as they are pushed up through an 
area about one-half of that occupied by the beds in their undistorted 
state. i 

Deep canyons will be cut into the newly formed mountains carving 
out ridges and peaks. The removal of so much rock should be sufficient 
to make adjustment necessary and the peaks will be pushed high into 
the air during the first and probably the second stage of isostatic 
adjustment. The highest elevations in a mountain range will be 
formed at some time after the origin of the system and not~at the 
time of the initial building.”° 

In order to lower a mountain range about 1 mile it is necessary 
to remove 6 miles of rock. For each mile of reduction there will follow 


an upthrust of § of a mile caused by the introduction from below of | 


heavy material to bring about a state of isostatic balance. 

By the time erosion has carried the surface down to base level the 
isogeotherms in this segment of the earth will be above normal. 
The rate of erosion is believed to be much greater than the rate of 
temperature correction through conduction. While the area is low- 
lying, a new geosyncline could be formed by rock shrinkage as the 

20 Harold Jeffreys, op. cit., p. 283. 


“we 
a 
\ 
% 
; 
4 
4 


1332 MALVIN G. HOFFMAN 


isogeotherms return to normal. As noted above, such a basin could 
be about 1,000 feet deep. If a period of crustal collapse did not occur 
at this time a broad basin would be formed bounded by low-lying 
land areas. This would be an ideal place for widespread limestone 
deposition, and a 1,000-foot basin could receive as much as 6,000 
feet of sediments. The point to be emphasized is that a mountain 
system which has been base leveled can become the site of a new 
geosyncline merely as a result of temperature adjustments. 

The area will be down folded when crustal collapse does finally 
occur. It is now an earth segment of strength rather than weakness 
as it was when loaded with sediments. Now it is underlain by dense 
rocks which are either igneous or metamorphic. Most of the sediments 
will have been removed. by erosion, and those that are left will prob- 
ably be metamorphosed. Furthermore, much of the rock which was 
carried from this area will in all probability be deposited in the basins 
which were formed as foredeeps to the mountain system. The adjacent 
regions will therefore be the weak segments and undergo distortion in 
order to relieve the stresses applied to this portion of the earth. 


MAGMATIC FORMATION 


A magma may be formed by simply raising the temperature of a 
rock mass until it becomes liquid. With dry melts this temperature 
may be as high as 1,300° to 1,500°C.; but magmas are solutions of 
minerals in minerals, and not dry melts. Volatile constituents are 
also present and they are referred to as mineralizers. The volatile 
constituents are usually water vapor, sulphuretted hydrogen, hydro- 
fluoric acid, carbon monoxide, carbon dioxide, sulphur dioxide, hydro- 
gen, nitrogen and oxygen.” 

Magmas containing high percentages of mineralizers may be 
liquid at relatively low temperatures. Acidic magmas ordinarily con- 
tain a higher percentage of mineralizers than are found in the basic 
liquids, consequently are more fluid. This is largely due to the 
method by which each magmatic type originates. Crystallization in a 
magma proceeds in the order of solubility. The least soluble minerals 
come out first and these ordinarily are the basic minerals. As crystal- 
lization proceeds the residual magma grows increasingly acidic. At 
the same time the percentage of mineralizers in the residual magma 
is increasing. As the amount of residual magma diminishes the relative 
amount of mineralizers increases. Their quantity remains essentially 
constant until the late stages of crystallization are reached. 

Basaltic lavas have been able to move under their own weight at 


2G. W. Tyrrell, The Principles of Petrology (1926), p. 51. 
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600°C..,? and acidic rocks such as pegmatites and silexites are believed 
to have been formed at temperatures as low as 200° to 300°C. Any one 
of these rocks after crystallization and after the loss of mineralizers 
would have to be raised to 1,300°C., or more before it would again 
become mobile. 

The supposition that the subcrustal layer is composed of tachylyte 
implies that mineralizers are in solution. This layer is a very viscous 
glass but it is not fluid. It is only potentially fluid. The evidence ac- 
cumulated by a study of seismic waves proves quite definitely that it 
responds to short time stresses as if it were solid even though its 
temperatures are quite high. The top of the layer is 870°C. and the 
base is 1,270°.73 At these temperatures basaltic lavas at the surface are 
very mobile. 

Pressure increases the crystallization temperatures of minerals and 
also increases the viscosity of glass. With depth, the crystallization 
temperatures increase about 6°C. for each mile. Crystallization in the 
tachylyte layer is controlled by crystallization temperatures of the 
minerals, but more so by the solubility of each, their degree of satu- 
ration, and the degree of molecular freedom which may exist. The 
temperature of the tachylyte layer may be only a few degrees below 
the temperature at which crystallization may start. A rise in tempera- 
ture of a few degrees or a decrease in overlying pressures, or both, 
may reduce the viscosity to permit enough molecular movement to 
start the formation of crystals. R 

Erosion of an uplifted area may both reduce the pressure and raise 
the temperature. The overlying pressure being lowered as the rocks 
are removed, isostatic adjustments will cause the isogeotherms to 
bend upward. Heat developed by friction during movement will also 
be of assistance. These changes may reduce the viscosity enough in 
that portion of the tachylyte layer immediately underlying the area 
being eroded, to initiate crystallization. The viscosity may still be 
very high, yet low enough to permit small crystals of olivine to form. 
The mineralizers would not be used up and their increasing percentage 
would tend to reduce the viscosity of the remaining mass, which by 
the crystallization of the mafic minerals, would grow more and more 
acidic. The viscosity of the remaining material is thus being continu- 
ally reduced. The process once started will gain in momentum and in 
time the mass may become sufficiently fluid to be stirred by convec- 
tion currents. 


Pe L. Day, “Some Causes of Volcanic Activity,” Smithsonian Rept. for 1925, 
p. 258. 


23 L. H. Adams, op. cit. 
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Once a magma is formed it will work its way upward mainly by 
solution and selective fusion.* The most soluble minerals in the over- 
lying rocks will be dissolved. The less soluble ones will sink through 
the magma and collect in the lower part of the basin. 

The heat generated by radioactive materials concentrated in the 
magma will aid in melting and dissolving the overlying rock. What 
heat may be developed from this source will help to expand, bulge, 
and fracture the overlying rocks, opening avenues for the intrusion 
of apophyses. 

An earth segment which contains a magma will be one of low 
strength. The abnormally high temperatures and the large amount of 
liquid will permit isostatic adjustments to be made rather easily. 
Such an area may be-subjected to continuous vertical movements 
during long periods of time. 

A magmatic segment probably will be composed of low density 
material. There are several reasons for this. The first is that tempera- 
tures are high and expansion of rocks reduces their density. The 
second is that the liquid and dissolved gases may expand as they 
work their way upward into areas of lower pressures. The third is that 
much crystalline material will have been converted into liquid result- 
ing in an increase in volume of 6 to 10 per cent. The fourth is that 
magmatic differentiation by fractional crystallization produces a 
rest-magma, which is acidic, granitic, or granodioritic in character 
and of lower density than the original magma. This low density 
magma may be concentrated by tangential compressive forces. 
Crustal shortening will reduce the horizontal cross section and elon- 
gate the vertical cross section. There will be upfolding, and also 
downfolding in order to maintain the isostatic balance. Crustal distor- 
tion under these circumstances could easily be of such magnitude as to 
produce a large mountain range. Subsequent erosion may in time 
expose its granitic core. 

The movements in a magmatic segment may be gradual and 
continuous for long periods of time, periodic, or oscillatory. The 
resistance to movement is low when the temperatures are high and a 
large amount of liquid is present. Movements may then be gradual 
and continuous. With a higher degree of viscosity the movements 
may become periodic. Oscillatory movements suggest upward and 
downward action repeated several times. This may occur when the 
magma has reached the zone of fracture in its upward journey. At 
this stage of the process some of the liquid will be intruded into the 
crust as dikes, laccoliths, and sills, and part of it may be extruded 

* N. L. Bowen, Evolution of Igneous Rocks (1928), pp. 315-20. 
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upon the surface as flows and tuffs. Crystallization and solidification 
of the intruded and extruded rock will reduce its volume. The sinking 
resulting from this shrinkage may be of the order of several thousand 
feet. At the same time the change from liquid to solid will seal the 
cover over the magma. Tie heat brought up from below by convection 
currents and the heat generated by the radioactive materials con- 
centrated in the residual magma will be confined to the magma and 
the surrounding rocks. The increased temperature will cause expan- 
sion of the rocks in the roof overlying the magma; perhaps enough 
to fracture the roof and induce a second period of intrusion and extru- 
sion. There will follow a second period of rapid cooling, crystallization, 
and shrinkage, and resealing of the magma. As a matter of fact, 
the magma probably would never solidify if there were not repeated 
intrusions and extrusions in order to dissipate the heat. 

When the magma has finally become solidified most of it will be 
crystalline. The relatively small amount of extruded rock that may 
have solidified as glass is hardly of importance if reckoned on a 
percentage basis. 

The amount of expansion and contraction as a result of heat and 
phase changes alone will account for 2 or 3 miles of vertical move- 
ments as it can reasonably be assumed that the vertical dimension 
of the magma was of the order of 30 miles at the time of its greatest 
extent. The vertical movements brought on by lateral compression 
and isostatic adjustments may be of the order of tens of miles. 

The area finally will be reduced to base level. Subsequent cooling 
down to normal temperatures in the underlying layers will cause 
enough shrinkage to form a new basin. This magmatic segment will 
become the site of a new geosyncline. 


COURSE OF EVENTS SHOWN DIAGRAMMATICALLY 


A series of diagrams is used to show the course of events in the 
history of a mountain system. All the processes described are carried 
to completion. This does not necessarily imply that they are com- 
pleted in nature. In fact, they may go only part way, stop and begin 
again, or be reversed. If it is possible to fit them into the history of 
any region it is not necessary that they should be applied in their 
entirety, or even in the order described. 

The area chosen for scale is the Ouachita Mountains in south- 
eastern Oklahoma and southwestern Arkansas. This mountain system 
was taken because its size, thickness of sediments involved, and the 
amount of crustal shortening which has taken place have been fairly 
well determined by such men as H, D. Miser, C. W. Honess, T. A. 
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Hendricks, Bruce H. Harlton, and others. The sedimentary section is 
about 25,000 feet thick and the maximum crustal shortening 75 
miles (Fig. 3). The example used in the discussion is a sedimentary 


20 30 50 60 TO 60 20 100 120 130 150 
Mi 


Fic. 3.—Basin 150 miles wide filled with sediments. Maximum total 
thickness 20,000 feet. 


section with maximum thickness of 20,000 feet which was shortened 
70 miles. 

The deposition of this thickness of sediments has pushed the basin 
down 4 miles. Crustal shortening and crushing has folded up a moun- 
tain range about a mile high; but this is accompanied by an additional 
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Fic. 4. clinal prism shortened 70 miles by crustal collapse. Sediments 
folded iomm a na total depth of 10 miles and folded up a mile or more. Note that intensity 
of folding decreases with depth. 


-downfolding of 6 miles in order to maintain isostatic balance (Fig. 4). 


The bottom of the original geosyncline is now 10 miles below sea-level. 
Some additional height, perhaps 1,000 feet or so, should be added 
as a result of the return to normal of the isogeotherms. 
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The crushing of the geosyncline of sediments has produced intri- 
cate structures such as isoclinal folds, overturned folds, block faults, 
and great thrust faults. 


10000 


’ 10 720 30 40 50 60 70 80 
Miles 


Fic. 5.—Prism has been partly eroded. Isostatic compensation follows erosion. 
Mountains have been lowered about $ mile and whole prism has been uplifted about 2 
miles. Note that crumpling of lower beds is increased by vertical uplift. 


The intensity of the distortion decreases with depth. The lower 
beds are bent down instead of crumpled. This characteristic is em- 
phasized in the diagram. Faulting may have occurred throughout 
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Fic. 6.—Later stage of erosion. Prism now has a maximum thickness of about 54 miles. 
Entire mass of sediments is intensely contorted. 


the entire zone even though the probable positions of the major thrust 
faults are the only ones that have been drawn. 

The area will be subjected to erosion, the isostatic balance will 
be upset, and periodic uplifts will occur. Sliding will most probably 
take place along the thrust fault planes which were originally made 
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as they are already planes of weakness, but new thrust fault planes 
also may be formed. The beds below will be crushed and compressed 
as they are pushed upward because they are being pushed through an 
area smaller than that of their original extent. Compressive stresses 


Fic. 7.—Base level has been reached. Total vertical thickness of 
sediments not much more than 1 mile. 


will be dominant during the erosion and vertical uplift stages of this 
mountain system (Figs. 5 and 6). 

Erosion will continue until base level has been reached (Fig. 7). 
By this time most of the original sediments will have been removed. 
The remaining section will be composed of intensely contorted and 
faulted beds, probably highly metamorphosed. Measurement of the 
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Fic. 8.—Cross section of isostatic layer showing positions of the isogeotherms. 
Isogeotherms are not bent down as much as are the layers due to partial thermal 
adjustment. 
beds across the outcrops will give a total thickness very nearly equal 
to the original thickness before folding; yet the vertical dimension of 
the sediments may be only 6,000 or 7,000 feet. 

To note the effect of heat changes it is necessary to look down 
through the entire isostatic layer. Figure 8 shows the general composi- 
tion of this section. At the top is a sedimentary wedge 4 miles thick 
in its deepest part. This is underlain by a 1o-mile layer of granitics. 
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Next below it is the intermediate layer, composed of dioritic to gab- 
broic crystalline rocks, about 20 miles thick. This rests on the tachy- 
lyte layer which is 30 miles thick, and below it is the dunite layer 
which extends down to great depths, perhaps 1,850 miles. The tem- 


peratures shown are those determined by Adams, 400°C. at the base . 


of the granitic layer, 870°C. at the base of the intermediate layer, 
and 1,270°C. at the base of the tachylyte layer. 

When this crustal segment was depressed by the deposition of the 
sediments the isogeotherms were also depressed. Some temperature 
adjustment must have taken place during the period of sedimenta- 

Miles 


Lovely 


Sedimentaries 


Miles - 


Fic. 9.—Downfolding of the layers due to crustal collapse. Deeper layers are 
thinned more than upper layers on account of rock flowage. Isogeotherms are bent down 
less than earth layers since it is assumed that partial thermal adjustment has occurred. 


tion; consequently the isogeotherms are not shown to be depressed as 
much as the earth layers. 

The next major change occurs during crustal collapse when the 
mountains are folded (Fig. 9). The sedimentaries are pushed down to 
a distance of ro miles below sea-level and raised a mile or more above 
sea-level. The other layers are pushed down by similar amounts. The 
intensity of the downwarping decreases with depth. At depths of 5 
miles or more rocks are probablyin the zone of flowage. It ‘is, therefore, 
logical to suppose that some of the compensation during periods of 
isostatic adjustment may be accomplished by flowage in the isostatic 
layer as well as in the deeper regions. The figure therefore shows some 
thinning of the crustal layers, and more thinning in the subcrustal 
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Sedimentaries _ 


Fic. 10.—The mountain system has been partially eroded and the 
isogeotherms have returned to normal. 


Intermediate layer. 


Fic. 11.—_The mountain system has been base-leveled and the 
isogeotherms are turned up. 
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layers. The isogeotherms are also bent down but not as much as the 
earth layers. 

After a considerable period of erosion has elapsed the isogeotherms 
will have returned to normal. This is due partly to the conduction of 
heat through the crust and partly to uplift following erosion (Fig. 10). 

As erosion is continued to base level the isogeotherms are turned 
up. It is assumed that the rate of erosion is greater than the rate of 
temperature adjustment (Fig. 11). This assumption appears to be 
correct when the rate of mountain building and denudation is com- 
pared with the rate of cooling of the earth since its formation. 
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Fic. 12.—The isogeotherms have returned to normal and the resulting 
shrinkage in the isostatic layer will form a new geosyncline. 


After base leveling the area may again become a geosyncline of 
deposition (Fig. 12). The average amount of temperature abnormality 
produced by the upbending of the isogeotherms will be 75° to 100°C. 
throughout the 60-mile layer. As these return to normal the shrinkage 
of the crust will form a basin about 800 to 1,000 feet deep. This may 
or may not occur at the time of crustal collapse. This change alone is 
enough to form a new geosynclinal basin of considerable size. 

Temperature changes will produce a geosyncline; but the char- 
acter of the segment has sochanged during the erosionof the mountain 
range that a new stage of crustal collapse will also cause downwarping. 
It is an area underlain by heavy rocks and is undoubtedly a segment 
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Fic. 15.—Later stage of erosion and deposition. 


igneous and metamorphic rocks. 
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Fic. 16.—Peneplanation of the highland areas with attendant deposition and overlap of sediments. 
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of strength since the low-density rocks have been eroded and replaced 
by high-density rocks. Besides, it would be bounded by great sedi- 
mentary deposits of low strength which would experience the greatest 
amount of adjustment and be upfolded. If crustal collapse occurs 
after the downwarping caused by shrinkage, the segment will have 
additional advantages. It will have greater density due to cooling, 
and will be already bent down in the direction of synclinal folding. 

In the next stage (Fig. 13) a new geosyncline is formed over the 
base-leveled sediments of the first mountain system. It is bounded by 
two folded prisms of sediments which were deposited in the foredeeps 
formed during the first period of crust collapse. The contact between 
the old sediments and the new will be a very marked angular un- 
conformity. 

The diagrams show the filling of the basin and erosion of moun- 
tains in three stages (Fig. 14). The first series of sediments probably 
are coarse to medium clastics since the surrounding land areas are 
high. Toward the-close of this stage of sedimentation the water is 
very widespread and shallow. There may be broad swamps in which 
beds of coal may be deposited. Adjustment will then downfault the 
syncline as a tremendous block. Most of the faults will dip in toward 
the basin at angles from 45° to nearly vertical. In the diagrams they 
are all shown to be nearly go° because the vertical scale is exaggerated 
over the horizontal scale. The next series of sediments may be alter- 
nating fine clastics and limestones (Fig. 15). They will overlap onto 
the upward moving blocks. The last stage of filling of the basin will 
occur at about the time the land areas are approaching base level 
(Fig. 16). The sediments will be largely limestones and cover an area 
much wider than the area of the original basin. Much of the land 
segments will be submerged by overlap. 

The original basin which has experienced two complete cycles 
of deposition is now ready to be compressed and folded again into 
a mountain system. 


THE ORIGIN OF A MAGMA 


The first period of base leveling was followed by the formation of 
a new basin which was developed by reduction to normal of the 
temperatures in the segment and downfolding during crustal col- 
lapse. This is only one of two courses that may be followed. The other 
course is the formation of a magma. 

Removal of some of the overlying load and raising the tempera- 
tures may permit crystallization to commence in the tachylyte layer. 
As the tachylyte is a glass no change of state is required. Its normal 
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temperatures range between 870° and 1,270°C. At the surface, basaltic 
lavas can exist in the liquid or semi-liquid state at temperatures even 
much lower than these. As the glass is already a highly viscous liquid 
it is only necessary to reduce the viscosity to the point where molecu- 
lar motion is free enough to permit crystallization. It may not re- 
quire much increase of temperature or much decrease of pressure, or 
both, to initiate such action. Very probably a change of only 50°C. 
and the reduction of pressure by removal of a few miles of rock may 
permit the first crystals to form. 
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Fic. 17.—Formation of a magma in the tachylyte layer by 
fractional crystallization. 


These first crystals may be exceedingly small, but once crystalli- 
zation commences the viscosity of the magma will be progressively 
reduced (Fig. 17). The first crystals will be the least soluble and the 
most basic. The remaining mass will become enriched in mineralizers 
and the viscosity is reduced as the percentage of mineralizers is 
increased. In addition, the rest-magma becomes progressively more 
and more acidic. 

When the viscosity of the magma is sufficiently reduced convec- 
tion currents will develop (Fig. 18). The temperatures throughout 
the entire magma will be more nearly equalized and the isogeotherms 
will be very abruptly upturned. The temperatures may then be out 
of normal by as much as 400°C. 
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Radioactive materials are thought to be carried up as vapors in 
the mineralizers.* A low-viscosity magma will permit them to con- 
centrate in the upper zones. They will be a source of heat and when 
concentrated, may be of considerable importance in maintaining li- 
quidity. The heat of radioactive materials may even increase the tem- 
perature of the magma and thus aid in its upward movement. 

The magma will work its way upward principally by selective 


Miles 

Fic. 18.—Magma is now stirred by convection currents and isogeotherms are 

uite abnormally turned upward. Magma has already worked its way almost entirely 
through intermediate layer. Action has been principally by selective fusion. 

fusion.” The overlying rocks are composed of minerals of different 
degrees of solubility, and different melting temperatures. The more 
soluble ones, and they are usually the more acidic ones, will be dis- 
solved out of the overlying rock masses. The rock will thus be dis- 
integrated. Ordinarily, the insoluble minerals are the basic heavier 
ones and they will sink down through the hot liquid (Fig. 19). 

The layers in the lower part of the magma basin will be formed by 
the collection of the minerals that are crystallized out of the magma 
with the addition of the insoluble minerals from above. The most 
basic minerals form first, and progressively less basic minerals are 


3 A. Holmes, Geol. Mag. (1915), p. 64. 
2 N. L. Bowen, op. cit. 
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crystallized as the process continues. The lowermost layer will be the 
most basic and the overlying layers will show a gradation into less 
basic rocks. For this reason the basal layer will most probably be 
dunite and it will be overlain in order by peridotites, norites and 
gabbros, diorites, granodiorites, and granites. 

The magma will have a base. The underlying layer is dunite, a 
monomineralic rock composed of olivine. The magma was formed by 
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Fic. 19.—Magma has reached granitic layer and zone of fracture. Apophyses reach 
almost to the surface. Fractional crystallization has by this time developed an acidic 
magma. 
the early crystallization of the mineral olivine. Olivine would be 
insoluble in the magma and therefore the magma would not be ca- 
pable of dissolving or melting any of the dunite layer. 

The magma will work its way upward through the aid of isostatic 
adjustment in addition to selective fusion. Heating and expanding 
will upwarp the segment containing the magma. It is also recognizable 
that such a segment would be one of very low strength, and readily 
submissive to compressive stresses. Compression, and uplift, with 
attendant expansion, may carry on throughout a great part of geologic 
time. Subsequently, the magma will reach the zone of fracture (Fig. 
20). 

Once the magma reaches the zone of fracture some of it will be 
intruded in the form of dikes, sills, laccoliths, and extruded as flows. 
Repeated intrusions and outbursts will quicken the rate of loss of 
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Fic. 20.—Tangential 8 ga stresses have shortened horizontal cross section 
of magma resulting in upfolding and downfolding, the latter to maintain isostatic 
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Fic. 21.—Late stage of magmatic activity. Magma is now close to surface. 
The numerous dikes represent repeated intrusions. 
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heat and cool the upper portion of the magma. Solidification and 
shrinkage will follow. The shrinkage may produce an appreciable 
amount of sinking of the land overlying. 

The rate of conductivity will be reduced after the magma has 
been sealed over and the heat developed by the radioactive elements 
will be largely retained. The temperature may rise enough to liquefy 
some of the overlying rock, to work upward by selective fusion or to 
expand the roof and cause fracturing. This will go on until the magma 
breaks through. The process of breaking through, sealing over and 
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Fic. 22.—Final stage. Magma is completely solidified and cooling, causing 
inking. A new geosyncline is forming. 
breaking through again will be repeated until the magma has been 
finally solidified (Fig. 21). 

When the magma is finally crystallized the uppermost part will be 
cut by innumerable dikes. They represent the repeated intrusions, 
and will range in composition from basic to extremely acidic. 

The side walls of the magma will be gabbroic even to shallow 
depths. The viscosity in these areas will be high during the entire 
period of magmatic activity so crystallization will go on with very 
little fractionation. The margins represent approximately the original 
composition of the magma. 

Finally, the segment will be cooled to normal, and downwarping 
will result after the area has been base-leveled (Fig. 22). This area 
will once again become a geosyncline of deposition. 
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SUMMARY 


The motive power which deforms the crust is the shrinking of the 
earth as a result of cooling. The rigid crust is periodically warped on 
a mobile interior which is continually being reduced in size. The 
stresses in the crust are increased until the breaking point is reached. 
Adjustment by folding and faulting relieve the stresses. 

The upfolded areas are reduced by erosion and the downwarped 
areas are filled by deposition. Isostatic adjustment during these proc- 
esses causes periodic uplift and depression respectively. A mountain 
range a mile high will be base-leveled only after the removal of more 
than 6 miles of rock, and a basin will hold at least six times its depth 
in sediments. 

Two other processes will be at work which will affect the depth of 
sediments in a basin and the ijevel to which the mountains will be 
reduced. One is the change in the level of base level and the other is 
the change in the position of the isogeotherms. The level of the oceans 
will be raised by displacement. The rock material from the land areas 
which is deposited in the oceans and epicontinental seas will raise 
the strand line. The isogeotherms will be turned down during loading 
of the geosynclines and also during the initial folding of the sediments 
into a mountain range. As the isogeotherms return to normal expan- 
sion of the deformed segment will increase the height of the mountain 
range. 

The rate of folding and erosion will be greater than the rate of 
thermal adjustment; so by the time base level has been reached the 
isogeotherms will be turned up. Shrinkage will now be the result of 
temperature adjustment and a geosyncline will be formed. Crustal 
collapse will increase the size of the geosyncline and may also fold up 
mountain ranges in the foredeeps of the original downwarp. 

When the first range has been base-leveled and the isogeotherms 
are upturned, a magma may be formed in the subcrustal tachylyte 
layer. The rise of temperature and the removal of several miles of 
rock may reduce the viscosity of the glassy basalt layer by an amount 
sufficient to permit crystals to form. Once crystallization has been 
initiated the magma will develop. The rest-magma will become in- 
creasingly acidic and the percentage of mineralizers will grow until 
the liquid body will become mobile enough to be stirred by convection 
currents. The temperatures in the upper part of the magma then will 
become more nearly equal to those in the lower part. 

The magma will work its way up through the intermediate layer 
and into the zone of fracture, by selective fusion, and by being com- 
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pressed horizontally, uplifted, eroded, and uplifted again. When it 
reaches the zone of fracture it will be intruded and extruded repeat- 
edly until the whole magma body will be finally solidified. The 
magmatic segment will now undergo a long period of cooling and 
shrinkage. If much of the shrinkage takes place after base-leveling, 
a geosyncline will be formed in the same area where the magma had 
been intruded and where a high mountain range once had stood. 
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SALEM OIL FIELD, MARION COUNTY, ILLINOIS! 
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ABSTRACT 


The Salem oil field, Marion County, Illinois, was discovered by The Texas Com- 
pany on July 1, 1938. During the week of January 7, 1939, the field ranked seventh in 
the United States on the basis of daily production. Twelve months after discovery the 
field had produced 20,080,000 barrels of oil. 

All producing formations of the Salem field are Mississippian in age and include 
the Benoist sand, the Aux Vases sand, and the McClosky oilitic limestone. At present 
the Benoist sand is the principal formation being developed. 

A geologic study of the Illinois basin indicates early periods of structural adjust- 
ment. Marked zones of influence are thought to have been established by these move- 
ments. In certain areas of the basin late Mississippian and early Pennsylvanian 
structural developments have a close relationship to these early established zones. 

Subsurface mapping of the Salem field on the Benoist sand and the McClosky 
odlitic limestone indicates close similarity in structural definition. No increase of 
structural relief with depth is apparent on the data supplied by present drilling. 

The Salem structure covers an area of approximately 14 square miles with a closure 
of more than 200 feet as mapped on the Benoist sand. 


INTRODUCTION 


Development of petroleum resources in Illinois may be chrono- 
logically divided into three major periods.’ The original discovery 
and primary exploitation of commercial production extended over 
the years of 1882 to 1905. National attention to the state’s petroleum 
possibilities was focused by the La Salle uplift producing areas de- 
veloped in eastern Illinois during the period of 1905 to 1920. After 
the year 1920, and prior to the year 1934, exploration was of minor 
intensity and the total production steadily declined. 

Geophysical advancements in exploration methods, as developed 


_ in the seismograph, furnished the means of exploring new territory 


in Illinois. Extensive seismic exploration entered the state in 1934. 
Leasing and subsequent production of petroleum from newly found 
structural areas followed the exploration program and during the 
year 1938 Illinois again became a major producing state. The Salem 
field iz an outstanding example of this latest period of production. 


OBJECT OF REPORT 


This report covers particularly the stratigraphy and geologic 
structural conditions associated with the Salem oil field of Marion 

1 Read before the association at Oklahoma City, March 24, 1939. Manuscript re- 
ceived, June 1, 1939. 

? Division geologist, The Texas Company. 

3 J. Marvin Weller and Alfred H. Bell, “Illinois Basin,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 21, No. 6 (June, 1937), p. 782. 
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County, Illinois. It also includes a discussion of the regional structural 
setting of the field. Producing formations important to the field are 
described. A résumé of data concerning present production of oil and 
estimations of reserves are included. Production methods being ad- 
vanced in the field, as well as pipe-line facilities for transportation 
of the crude petroleum, are of direct interest and, therefore, a part 
of this report. 

It is desired that the report may present an example of the 
geological, production, and reserve factors representative of the pres- 
ent activity of the petroleum industry in Illinois. 
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LOCATION AND REVIEW OF AREA 


The Salem oil field is in Ts. 1 and 2 N., R. 2 E., Marion County, 
in the centra) southern region of Illinois (Fig. 1). 

Subsurface structural development of the field area was defined 
through seismograph exploration of The Texas Company. The dis- 
covery well was located 760 feet east of the west line and 660 feet 
south of the north line of the NW. } of Sec. 5, T. 1 N., R. 2 E. This 
test, designated as the E. Tate No. 1, was drilled to a total depth of 
1,918 feet where it was in the Ste. Genevieve formation. Commercial 
showings of oil were encountered and cored in the Benoist sand and 
the Aux Vases sand. The test was completed as a commercial producer 
on July 1, 1938. Initial production, representing oil from both the Aux 
Vases and Benoist sands, was 732 barrels in 23 hours, with 175,000 
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cubic feet of gas. On August 26, 1938, the Aux Vases sand was 
plugged and the well produced through a choke from the Benoist 
sand alone. 

Following the discovery of oil in the Salem field, drilling operations 
rapidly assumed major proportions and in January, 1939,‘ the field 
ranked seventh in the United States on the basis of daily production. 


STRATIGRAPHY 
SURFACE STRATIGRAPHY 


The uppermost bedrock strata in central Illinois are Fennsy]l- 
vanian in age. Considerable erosion has taken place on this surface 
and the region was covered during the Pleistocene period by a thick 
mantle of glacial material. In the Salem area this mantle ranges from 
40 to 60 feet in thickness and effectively masks topmost Pennsyl- 
vanian beds of the McLeansboro series. The drainage pattern has in 
a few places penetrated the glacial material at Salem but sufficient 
outcrops are not available for surface mapping of bedrock structure. 


SUBSURFACE STRATIGRAPHY 


The stratigraphic sequence represented in the subsurface of the 
field is shown by the lithologic log of drill cuttings of the discovery 
well (Fig. 2). 

The section portrayed by this log indicates approximately 1,100 
feet of Pennsylvanian sediments represented by the McLeansboro, 
Carbondale, and Pottsville series. These series consist of alternating 
shales, sandstones, and several thin limestones and coals. By far 
the largest percentage of the Pennsylvanian beds are medium-grained, 
slightly micaceous sandstones and dark gray shales. The Herrin, or 
No. 6 coal, is encountered at approximately 700 feet in the Salem 
area and is a consistent marker bed. 

The Menard limestone presents the first distinctive Mississippian 
marker of the area. This limestone is a part of the Menard formation 
of upper Chester age and is encountered at approximately 1,200 feet. 
At the close of the Mississippian period the borders of the Illinois 
basin were raised and greatly affected by erosion. Due to this condi- 
tion the Upper Mississippian beds penetrated in the Salem area may 
range somewhat higher in the section than the Menard formation. 

An average thickness of 680 feet of the Chester series is drilled at 
Salem. A rather full depositional range was furnished for the develop- 
ment of the Cypress, Benoist and Aux Vases formations. The series 


‘ “Tilinois and Kentucky,” Oil and Gas Jour., Vol. 37, No. 34 (January 5, 1939). 
Staff article on field operations. 
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consists of gray, green, and variegated shales, medium-coarse to 
fine-grained sandstones, and gray to tan lithographic to coarsely 
crystalline limestones. 

The top of the Meramec group (Mississippian age) is reached in 
the Salem field at depths ranging from 1,820 to 2,045 feet. The top 
formational member of this group is the Ste. Genevieve limestone. 
Subdivisions of the Ste. Genevieve limestone are, in descending 
order, the lower O’Hara, the Rosiclare, and the Fredonia. The term 
“McClosky”’ is used in this report as representing an odlitic, porous 
condition of the Fredonia. 

The St. Louis limestone formation (Meramec group) ranges from 
120 to 145 feet below the top of the Ste. Genevieve limestone. Al- 
though present drilling depths in the Salem field have not penetrated 
below the St. Louis limestone, it is expected that a normal sequence of 
the southern Illinois stratigraphic section will be encountered. The 
Devonian is estimated at a depth of 3,350 feet and the St. Peter 
sandstone at 5,000 feet in the field. 


REGIONAL STRUCTURAL GEOLOGY 


During a long period of geologic history the present Illinois basin 
was the northern component of a much more extensive regional basin 
area extending down the Mississippi Valley. Movements occurring 
in post-Pennsylvanian time formed a barrier across southern Illinois 
and isolated the present basin after the rocks which now occupy it 
had been formed. 

Regional structural influences originating from the Cincinnati 
arch on the east dating from Middle Ordovician time have a direct 
bearing on the structure of at least the eastern basin area. 

On the western side of the basin the Ozark uplift with original 
definition in pre-Cambrian time has been a decided factor in deter- 
mining the structural history of the basin through subsequent move- 
ments. 

Devonian movement and associated faulting on the extreme east 
flank of the Ozark uplift bordering western Illinois have been de- 
scribed by Weller.® Fault differentials as great as 1,000 feet have 
been observed. It seems logical to assume that Devonian movements 
materially influenced the western flank of the Illinois basin. 

Structural movements in the Illinois basin prior to the general 

Sj. M. Weller, “Oil Possibilities of the Illinois Basin,” Illinois Geol. Survey Rept. 
Investig. 27 (1936), Pp. 4. 


* Stuart Weller, “Geology of Ste. Genevieve County, Missouri,” Missouri Bur. 
Geol. and Mines, Vol. XXII, 2nd Ser. (1928), p. 299. 
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folding of the late Mississippian and early Pennsylvanian periods are 
of decided importance to the correct interpretation of its history even 
though definite evidence is seriously lacking for conclusive study in 
much of the area. 

Mylius’ indicates, from a study of structure prior to Pennsyl- 
vanian time in Illinois, that post-Lower Mississippian folding took 
place along a series of parallel axes trending east of north in the 
Bellair-Champaign area of Douglas and Coles counties, Illinois. 

Recently completed isopach mapping of the Chester series in the 
central Illinois basin by L. E. Workman of the Illinois Geological 
Survey is presented in Figure 3. 

Although regional areas of thinning indicated in the Chester series 
may be attributed to post-Mississippian structural movement and 
erosion yet certain of these areas are strongly suggestive of earlier 
structural influences. Two particular localities of the map are pre- 
sented in this regard. 

Through the area of Crawford, Jasper, and Richland counties of 
eastern Illinois the Chester isopach mapping indicates a pronounced 
regional nosing of the contours toward the southwest. It is suggested 
that structural movements may have occurred along deep-seated 
lines of weakness in this area during early periods. The direction of 
regional nosing shown by Chester isopach mapping is closely similar 
to the direction of early structural axes studied by Mylius in the 
Champaign-Bellair area on the north. 

The second locality which is indicated particularly by the Chester 
isopach mapping is found in Montgomery and Bond counties, and 
is designated the Carlinville-Centralia zone of structural influence. 
This area also indicates possible early lines of movement toward the 
southeast. Detailed studies on the east flank of the Ozark area by 
Weller, and the Devonian movements, described by him in Ste. 
Genevieve County, Missouri, as cited, seem closely related to similar 
movements which may have taken place on this western flank of the 
Illinois basin. Deeper drilling in the vicinity is necessary for conclusive 
evidence. 

Sufficient data are not available at this time to satisfactorily deter- 
mine the importance of the Duquoin flexure in Perry and Franklin 
counties, Illinois, with respect to early regional structural influence 
in the basin. It is desired to suggest, however, that this area very 
possibly experienced early movements in a northeasterly direction 
which were directly associated with the Ozark influences. The steep 


7™L. A. Mylius, “Oil and Gas Development and Possibilities in East Central 
Illinois,” Illinois Geol. Survey Bull. 54 (1927), p. 28. 
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west dip of the Salem field structure, discussed later in this paper, 
suggests deep-seated lines of basement weakness, or faulting in the 
lower formations. The axes of these lines are closely related regionally 
to the Duquoin zone of influence as directed northeastward. 

The principal areas of structural movement in the oil-producing 
region of southern Illirois are shown on Figure 4. 

The pattern presented indicates several very interesting regional 
associations with producing areas. The southwestward influence from 
the area of Crawford, Jasper, and Richland counties is directed toward 
the later post-Mississippian or early Pennsylvanian structural trends 
developed through the producing areas of Clay, Richland, and Wayne 
counties. The Carlinville-Centralia influence is directly reflected in 
the later folding forming the Centralia and Sandoval producing struc- 
tures. The Centralia structure particularly has a northwest-southeast 
alignment indicative of this early relationship. The Dix, Salem, and 
Louden structural areas are presented as possibly associated with the 
early lines of movements originating from the Duquoin deformation. 

A possibility that is immediately presented in connection with the 
regional structural geology is cross-folding produced by possible inter- 
section of the Carlinville-Centralia and Duquoin zones of movement. 
This is not indicated by the structural features defined thus far in the 
area and the condition is thought rather remote principally through 
the rapid loss of definition eastward of early movements originating 
from the Carlinville-Centralia area. The structural pattern, governing 
the areas now defined, which appears most plausible to the writer, 
is supplied by Cheney® as follows: “en échelon folding and faulting 
may be the natural result of the local features along an older line of 
weakness being accentuated by potent forces coming from a new 
direction.” Lines of weakness in the basement complex very likely 
were evidenced by early movements followed by subsequent move- 
ment both through direct structural influence and accentuation 
caused by basin subsidence in Illinois. Ali these factors are directly 
related to the present regional subsurface pattern of the Basin area. 


GEOLOGIC STRUCTURE OF SALEM FIELD 


The subsurface structure of the Salem field as mapped on the 
top of the Benoist sand (Chester series) is shown on Figure 5. 

The area for which structure contours are shown covers approxi- 
mately 14 square miles. The crest of the structure is located generally 
in Sec. 5, T. 1 N., R. 2 E., and Secs. 31 and 32, T. 2 N., R. 2 E. The 


8M. G. Cheney, “History of the Carboniferous Sediments of the Mid-Continent 
Oil Fields,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13, No. 6 (June, 1929), p. 588. 
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Fic. 5.—Subsurface geologic structure, Salem field, contoured on top of Benoist sand. 
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direction of axial trend is slightly northeast. The closure mapped on 
the top of the Benoist sand is more than 200 feet. 

The Salem structure as reflected by the Benoist sand has rather 
mild dip components on the northeast and also on the eastward or 
basinward side. The average east dip is 85-90 feet to the mile. The 
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Fic. 9.—West-east geologic cross section of Salem field. 


south, southwest, and west dip components are distinctly more pro- 
nounced. The average westward dip per mile is 220 feet. Although no 
faulting is evidenced in the Pennsylvanian or Mississippian beds to 
the present depth explored in the Meramec group, the strong west 
dip of the structure is suggestive of possible faulting in lower forma- 
tions along old lines of weakness in the basement complex. 

Figure 6 illustrates the subsurface geologic structure on the Mc- 
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Closky zone (Ste. Genevieve formation). Due to limited drilling to 
this zone to date the subsurface control for mapping is much more 
remote than that on the Benoist sand. The subsurface structure 
indicated by the McClosky map is similar to that of the Benoist map. 
No apparent increase in dip is evident. The average east dip on the 
McClosky is 80 feet to the mile and the average west dip is 220 feet 
to the mile. 

Because of the small interval (200-250 feet) between the Benoist 
sand and the McClosky no information is gained as to possible 
increase of structural accentuation with depth in this area. Deeper 
drilling may provide information on this possibility. 

The location of east-west and north-south lines of cross sections 
of the Salem structure is shown in Figure 7. The lines were located 
with the object of presenting typical cross sections of the structural 
area. Some variation in the directional attitude of the sections was 
necessary to secure the greatest advantages from the examination of 
well cuttings available and data supplied by electrical logs. 

Figures 8 and g represent the geologic cross sections of the Salem 
oil-field structure. 

The asymmetrical character of the Salem fold is clearly repre- 
sented. Particular attention is directed to the disconformable contact 
of the Pennsylvanian and Mississippian strata. This disconformity is 
encountered either at the base of the thick Pottsville sand zone or in 
the shales directly below where it may be recognized by a lithologic 
change from dark, exceptionally micaceous shale of the Pennsylvanian 
section to light green, non-micaceous shale of the Menard formation 
(Chester). 

The Menard limestone furnishes an excellent marker for defining 
the amount of Mississippian erosion present over the structural area. 
The local portion of the Illinois basin in which the Salem structure 
is situated appears to have experienced peneplanation of Chester 
formations down to the Menard with subsequent covering by early 
Pennsylvanian beds. The local erosion shown by the cross sections at 
the disconformity indicates that the area had negligible structural 
relief, other than regional position on the western basin flank, at the 
close of Mississippian time. No consistent thinning is apparent over 
the structural area in the Chester. The cross sections indicate that 
the major structural development at Salem must have occurred dur- 
ing Pennsylvanian time. 

The cross sections indicate the accentuated west dip which is 
probably related to deep-seated lines of weakness. The interval from 
the Glen Dean limestone to the Ste. Genevieve limestone is less in 
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the Salem field than like intervals studied farther eastward. This fact 
may indicate some early structural movement at Salem possibly 
related to late Devonian or early Mississippian origin. The erosional 
character of the top of the Ste. Genevieve limestone may be also cited 
in this regard. 


PRODUCING ZONES 


At present the Mississippian section includes all the formations 
productive in the Salem field. Formations of the Chester series and 
Meramec group are the productive zones of the field. Petroleum has 
not been encountered in the Pennsylvanian strata. Deep zones below 
those drilled are prospective for production. Among these may be 
mentioned particularly the Lower Mississippian formations, the Si- 
lurian-Devonian interval, and the Ordovician. West of the Salem 
field commercial oil and gas are encountered in producing areas on 
the west flank area of the Illinois basin from each of the formations 
enumerated. 

The Benoist sand of the Chester series is the major producing 
formation of the Salem field to date. This sand is correlated with the 
Bethel formation and is equivalent to the Tracy which is productive 
on the La Salle anticline in Lawrence County. The Benoist sand at 
Salem is encountered at an average depth of 1,725 feet. The sand 
averages 45 feet in thickness and is described as greenish to gray, 
fine- to medium coarse-grained angular sand. Muscovite flakes are 
present throughout the sand body. The top of the sand is slightly 
silty with only fair porosity; however, very good porosity is encoun- 
tered immediately below the top portion of the sand body and con- 
tinues to the base. 

The Benoist sand has marked regularity of deposition and porosity 
in most of the field area. A few wells on the southwestern and south 
flanks of the structure have shown an absence of sand. The sand sec- 
tion absent is replaced by shales of the Paint Creek formation. Offset 
tests to wells reporting an absence of Benoist have drilled practically 
a normal section of the sand, indicating decided local depositional 
or erosional phases. To the writer’s knowledge the southwest and 
south flanks of the Salem field are the only areas showing these con- 
ditions on present exploration. 

Oil and gas are encountered throughout the Benoist sand section. 
Water level in the field has been tentatively established on the sand 
at a subsurface position of 1,350 feet below sea-level. The most 
prolific production from the Benoist sand is directly related to struc- 
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tural position. Slight changes indicating porosity and permeability 
variables are evident. 

The Aux Vases formation of the basal Chester series is reached on 
drilling in the Salem field at an average depth of 1,800 feet. This is 
the second productive zone with respect to stratigraphic position in 
the field. The Aux Vases formation consists principally of sand and 
averages 55 feet thick. The sand is gray, fine to sub-medium in grain 
size. Porosity is rather variable due to silty streaks in the sand body 
and variation in degree of cementation. Muscovite flakes are common 
and the sand in part is somewhat similar to the upper part of the 
Benoist. 

In preliminary estimates as to the comparative productivity of 
the various producing zones in the Salem field, the Aux Vases forma- 
tion was considered of rather questionable importance due to its 
variable porosity and purity of sand body. Additional data now 
available through the greater number of tests penetrating the Aux 
Vases have indicated much greater regularity of deposition and 
absence of foreign material. Production possibilities now indicated 
from: the Aux Vases are very encouraging. 

The Ste. Genevieve formation is encountered in the Salem field 
at an average drilling depth of 1,950 feet. Due to erosional character- 
istics in the top members of the formation the average penetration 
necessary to reach the McClosky varies considerably. A general 
approximation of the penetration necessary ranges from 25 to 40 
feet. 

The McClosky is possibly the most widely known petroleum 
formation in Illinois production history. It is a typical limestone 
reservoir in that wells equally well located structurally may be dry 
though offsetting producing locations. This condition is caused en- 
tirely by porosity factors controlling accumulation. 

A typical McClosky description from the Salem field indicates 
the top portion composed of calcareous odlites approximately 3-1 
millimeter in diameter. The central McClosky interval is very porous 
with a small amount of calcareous cementing material. The remainder 
of the zone is composed of tan to gray limestone, subcrystalline and 
fossiliferous, very odlitic with some calcite filling of pore spaces. 

Excellent conditions of regular porosity development and satura- 
tion of the McClosky are indicated in most of the Salem field. The 
McClosky “pay” averages 15 feet in thickness in the field area. Al- 
though McClosky tests are not numerous at the present stage of 
drilling development, it is indicated that few producing areas in 
Illinois will exceed this field in regularity of porosity development. 
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DISCUSSION OF CYPRESS FORMATION 

In view of its large oil production in many fields in southern 
Illinois, a geologic presentation of the productive zones in the Salem 
field would not be complete without mention of the Cypress forma- 
tion. This formation, consisting principally of a well developed sand 
body in the field area, contains salt water, and no commercial oil 
showings are evidenced. The Cypress is separated stratigraphically 
from the Benoist sand by the Paint Creek formation which consists 
mainly of limestone and shale. 

The Louden field in T. 8 N., R. 3 E., approximately 30 miles 
north and slightly east of the Salem area, produces most of its oil 
from the Cypress formation. The Benoist sand is productive at 
Louden as at Salem. ‘These two producing areas are generally con- 
sidered to be of the same age of structural development and are 
indicated along the same alignment of structural trending. 

Certain hypotheses may be presented to explain this variation in 
the production prospects of the Cypress formation between the two 
fields mentioned: (1) local structural development outside accu- 
mulation limits; (2) lensing or porosity barriers within the Cypress 
formation; (3) different periods of structural development; and (4) 
accumulation, migration, or non-migration theories concerning petro- 
leum. 

The writer believes that the first condition presents the most 
logical approach to solution. Chester sediments in the Illinois basin 
very likely had, in the main, a southern source from ancient land 
masses associated with Appalachia. The depositional uniformity, as 
related to thickness and porosity of the Cypress formation, appears 
to exceed the comparative uniformity of the Benoist sand in the west- 
ern portion of the southern Illinois basin. The Louden field occupies a 
position in closer proximity to the westward Chester limits of the 
Illinois basin than the Salem field. The average sand thicknesses of 
the Cypress and Benoist at Louden are 44 feet and 15 feet, respec- 
tively, as compared with thicknesses of 55 feet and 45 feet at Salem. 
These comparative thicknesses are suggestive of a rapid approach to 
a littoral zone of the Benoist sand while fairly normal regularity of 
Cypress deposition appears to continue farther westward. Migration 
of oil updip from the central basin area could thus reach farther west- 
ward limits in the Cypress sand than might be possible in the Benoist. 
The Salem and Louden areas, receiving their structure-forming move- 
ment principally in late Mississippian or early Pennsylvanian, were 
subject to the migration conditions prevailing in the Cypress and 
Benoist sands at those times. Accumulation in both areas was possible 
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from the Benoist sand due to its westward restriction of migration. 
In the case of the Cypress sand, however, migration had passed 
westward from the Salem area but still included the Louden structure 
within the limits of accumulation due to its position nearer the west- 
ern boundary of the Chester basin. 

The Louden area shows considerable sand variation in the Cypress 
formation in local areas but to assign a general lensing characteristic 
as the cause for the absence of oil in the formation at Salem seems 
untenable due to the regularity of the sand in the Salem field. Porosity 
factors and sand composition appear quite comparable in both pools. 

Different periods of structural development are not indicated by 
present geologic evidence in the fields. It is granted that the produc- 
tivity of the Cypress at Louden and the absence of oil in the same 
formation at Salem may be explained by migration, non-migration, 
or accumulation theories. 


PRODUCTION DATA OF SALEM FIELD 


Tables I and II include information assembled with reference to 
production in the Salem field. The averages shown were obtained on 
the basis of present production data available. 


TABLE I 
Average Average 
Average Initial Bottom-Hole Producing 
Producing Thickness Production Pressure , Wells 
Formation (Feet) (Barrels) (Pounds) (Feb. 1, 1939) 
Benoist sand 45 600 650 519 
Aux Vases sand 55 200 707 16 
McClosky zone 15 1,130 735 64 
Note.—On July 1, 1930, the Salem field had 1,033 producing wells. 
TABLE II 
Average Porosity Average Permeability 
Producing Formation (Percentage) (Millidarcys) 
Benoist sand 17.5 228 
Aux Vases sand 16.1 154 
McClosky zone 10.3 429 


It is not possible at this time to determine an accurate gauge of 
the present potential daily production possibilities of the Salem field 
because a number of the producing wells are choked. Pipe-line deliv- 
eries are at times prorated and a considerable amount of the oil pro- 
duced by imdependent operators is trucked to local refineries. No 
general proration or spacing agreements are in effect in the field. Accu- 
rate production totals from specific formations are not obtainable due 
to the general practice of producing wells from different formations 
into common tankage and unrecorded movements of oil by truck. 
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The average daily production for which figures are obtainable 
was 133,643 barrels per day during June, 1939. The total production 
to July 1, 1939, for the entire pool was 20,080,000 barrels. This figure 
covers a 12-month interval dating from the discovery of July 1, 1938. 
The gravity of the crude petroleum ranges from 38° to 41°Bé. and is 
marketed under the present, posted price average of $1.05 per barrel 
(July, 1939). 

PETROLEUM RESERVE DATA 
Table III, showing the reserve estimate of the Salem field is 


taken directly from the report published by the Illinois-Indiana 
Petroleum Association.° 


TABLE III 
SaLeM RESERVE ESTIMATE 

Per Acre 

Producing Thickness Area Foot Per Acre Total 

Formation (Feet) (Acres) (Barrels) (Barrels) (Barrels) 
Benoist sand 40 10,000 200 8,000 80,000,000 
Aux Vases sand 35 8,000 100 3,500 28,000,000 
McClosky zone 10 10,000 300 3,000 30,000,000 

Total 138,000,000 


Close spacing of offset wells in certain parts of the field has been 
required of the operators because of the existence of numerous small 
tracts of land, for example, private roadways, school lots, church lots, 
and cemeteries. 

Because of the diversity of ownership of these small tracts, the 
desire of some operators to produce their wells wide open and the 
absence of any State authority for controlling production, plans for 
repressuring and maintaining reservoir pressures have been nullified. 
As a consequence, a substantial amount of the oil in the Salem struc- 
ture that would have been produced with the aid of efficient repressur- 
ing, has been irretrievably lost. 


PRODUCTION METHODS AND PIPE LINES 


Drilling development in the Salem pool has been almost entirely 
done by rotary drilling methods. The units in current use are all of 
the lighter-type equipment using motor power. Fuel is gas, gasoline, 
butane, or fuel oil (Diesel). The average size of hole drilled is 83-9-inch 
to the producing zone. Cores are taken of the producing formation 
and casing set at the top, or in some instances of production from two 
zones the pipe is set through and perforated opposite the upper 


® Illinois-Indiana Petroleum Association Report (December, 1938). 
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production. Casing size in common use is 7-inch outside diameter. 
The casing is usually cemented to the top of the hole in the best 
production practices. Derrick heights vary from 87 to 96 feet. 

A large number of the wells drilled in the pool flow naturally. 
In instances where pumping equipment is necessary, light, portable 
motor units are installed using either gas, gasoline, or electricity for 
power generation. 

Drilling time in the Salem field averages 10 days from time of 
spudding to completion of Benoist sand wells. In the case of Mc- 
Closky tests, 14 days are required for completion. The usual procedure 
is to set casing on the top of the producing zone. Benoist tests are 
usually completed with cable tools while McClosky tests are com- 
pleted by rotary methods through coring. 

There are four pipe lines serving the Salem pool (Table IV). 

TABLE IV 
Company Size of Line Daily Destination 


Diameter Length Capacity 
(Inches) (Miles) (Barrels) 


Central States Pipe Line Co. 8 35 25,000 ~—Lawrenceville, Ill. 
10 38 
Central States Pipe Line Co. 4 9 10,000 To Illinois pipe line, 
Sandoval, I 
Manley Pipe Line Co. 4 13. 6to8,00co Centralia, Ill. 
Magnolia Pipe Line Co. 4 9 10,000 ipe line, 
Sandoval, 


Missouri and Illinois R.R. 6 loading racks located in Secs. 20 and 21, T. 2N., 
R. 2 E., and in Sec. 25, T. 2 N., R. 1 
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CORRELATION OF MINABLE COALS OF ILLINOIS, 
INDIANA, AND WESTERN KENTUCKY' 


J. MARVIN WELLER? anp HAROLD R. WANLESS* 
Urbana, Illinois 
ABSTRACT 


The numbers by which the principal coals of Illinois, Indiana, and western Ken- 
tucky are commonly known are a result of independent work by the geological surveys of 
these three states and for the most part do not correspond. Certain interstate correla- 
tions have been made during the last 75 or more years and much attention has been 
directed toward the correlation of coals within the individual states but no attempt has 

reviously been made to effect a comprehensive correlation of the coals of the Eastern 
fetes basin as a whole. 

Of the 50-odd seams present 13 are mined, 6 in Illinois, 5 in western Kentucky, and 
8 in Indiana. The most important coal is Harrisburg No. 5 of Illinois (= Kentucky No. 
9=Indiana V). The Herrin coal No. 6 of Illinois (=Kentucky No. 11) is second in 
importance. Less important widespread seams are Rock Island coal No. 1 of Illinois 
(=Minshall of Indiana) with which is tentatively correlated Murphysboro coal “No. 
2” of Illinois (Mannington of Kentucky), Colchester coal No. 2 of Illinois, and 
Danville coal No. 7 of Illinois (=Indiana VII). Coals important only in restricted 
areas are lower and upper Brazil blocks of Indiana, Coals III, IV, and VI of Indiana, 
Grape Creek coal of ois, and coals No. 12 and 14 of Kentucky. 


INTRODUCTION 


The political boundaries which separate the states of Illinois, 
Indiana, and Kentucky divide the great Eastern Interior coal basin 
into three unequal parts. Although the strata, including the coal 
beds, pass without interruption from one state into another, each 
part possesses its own individual system of nomenclature, long ago 
adopted and still in general use. 


KENTUCKY NOMENCLATURE 


The first generalized section of the Coal Measures in the Eastern 
Interior basin was worked out in western Kentucky and was published 
by D. D. Owen in 1857.‘ In this section the coals were numbered from 
the base upward from 1 to 18. The numbers 9g to 12 have been widely 
and generally correctly applied throughout western Kentucky and 
this part of the section includes the most important commercial 
coals of the area. Numbers used by later workers for higher seams are 
commonly of only local significance and Owen’s numbers 1 to 8 have 

1 Published by permission of the chief, Illinois State Geological Survey. Manuscript 
received, June, 1939. 


2 Geologist and head, Stratigraphy and Paleontology Section, Illinois State Geo- 
logical Survey. 
tine Assistant professor of geology, 126 Natural History Building, University of 
ois. 
*D.D. Owen, Third Report of the Geological Survey of Kentucky (1857), pp. 18-24. 
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not generally been employed outside of his typical area in Union 
County. His No. 5 coal is now known as No. 6 and his No. 6 as No. 7. 


ILLINOIS NOMENCLATURE 


A. H. Worthen, with the aid of Leo Lesquereux who had assisted 
Owen in Kentucky, attempted to apply the Kentucky numbers in 
Illinois but unsatisfactory results caused him to abandon this system 
and develop a system of his own based mainly on the outcrops in the 
Illinois valley. His stratigraphic section in which the coals were 
numbered from 1 to 8 was published in 1868° and these numbers were 
later applied with varying success throughout the state. Worthen’s 
coals 2 and 3 are the same bed and were mistakenly separated because 
of different roof conditions. Several of the coals in southern Illinois 
were miscorrelated by Worthen and it is only very recently that data 
necessitating revision of his correlation of these beds have been 
obtained. 


INDIANA NOMENCLATURE 


Lesquereux introduced the numbering system of the western 
Kentucky coals into Indiana but he was not followed by other geolo- 
gists. E. T. Cox lettered the seams from the base upwards and this 
system was used in the Indiana reports for many years. In G. H. 
Ashley’s report of 1899° successive Roman numerals were assigned 
to the more important seams and intermediate thinner coals were 
designated by adding a letter to the number of the next lower impor- 
tant seam. This system has persisted in Indiana to the present. 

Ashley’s original standard section was based on observations in 
Vigo and Clay counties but because of the early recognition of some 
of the intricate and confusing miscorrelations of his report a supple- 
ment was published in the thirty-third annual report of 1908 in 
which these were partially corrected and the section in Sullivan and 
Greene counties was adopted as standard. 


STATE BOUNDARIES 


The development of three different systems of nomenclature for 
the coals of the Eastern Interior basin has resulted from the working 
out of the stratigraphic succession of the beds by State agencies in its 
three political subdivisions with little or no regard for each other’s 
work. A state line is not a natural boundary between areas of different 


5 A. H. Worthen, Geol. Survey of Illinois Vol. 3 (1868), pp. 5, 6. 


®° G. H. Ashley, Indiana Department of Geology and Natural Resources Annual Re- 
port 23 (1899), pp. 89-91. 
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geologic development and it may be much easier to correlate beds 
from one state into adjacent parts of another than it is to correlate 
these same beds between certain areas within a single state. For 
example, the relations of the coal beds of the Danville district of 
Illinois to the Indiana coal fields are much clearer than are their 
relations to the coals in any other part of Illinois, and the coals of 
southern Illinois are much more easily correlated with those of western 
Kentucky than with those of western Illinois. 


CORRELATION OF COALS 


Where outcrops, mine workings, or bore holes are abundant and 
closely spaced it may be possible actually to trace a single coal seam 
for long distances and thus establish the identity of coals at more or 
less widely separated localities. Where such information is unavail- 
able, however, or where a seam decreases below workable thickness 
or entirely disappears other means of recognition must be employed. 
Those which have been generally relied upon include the character 
of the coal, the nature of floor and roof, the position and type of 
partings, the kinds of fossils included in associated beds, and the 
intervals below or above conspicuous coals or other types of strata 
such as limestones or thick sandstones. The fact that none of these 
criteria, singly or in combination, is infallible is amply demonstrated 
by the numerous miscorrelations that have been made. With in- 
creasing distance between the areas correlated the reliability of these 
criteria rapidly decreases. 


SEDIMENTARY CYCLES 


The recognition by members of the Illinois State Geological 
Survey that the different types of strata which make up the Coal 
Measures in the Eastern Interior basin normally occur in sequence 
with certain definite relations to each other has served to furnish a 
new means of coal correlation (Fig. 1). These sequences occur in cyclic 
repetition’? and each cyclothem (strata formed during an individual 
cycle of sedimentation) may be traced and correlated as a unit regard- 
less of the variations of its constituent members. Thus it is possible 
to trace for long distances the horizon of a coal, even though the coal 
be entirely absent, and to recognize it as the same seam if it again be 
v—— in some other area. 

. M. Weller, “Cyclical Sedimentation of the Pennsylvanian Period and Its 
Si Jour. Geolog (2939), PP. 97-135. 


H. Wanless and Correlation and Extent of Pennsylvanian 
Bull. Geol. Soc. VoL 43 Geach, Pp. 1003-16. 
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Fic. 1.—Diagram showing succession of members in ideally developed cyclothem. 
In actual occurrence all members are discontinuous and where present may vary greatly 
in thickness, and most of them show different lithological characters from place to 
place. With very rare exceptions cyclothems are incomplete and lack one or several of 
these members. Basal sandstone (No. 1) locally rests unconformably on lower beds and 
in some places occupies channels cut beneath horizons of other coals. Fresh-water 
limestone (No. 3) is lacking in many cyclothems. Underclay (No. 4) is commonly more 
extensive than associated coal although some coals occur without underclay. Shale 
and marine limestone (Nos. 6 and 7) are erratically developed and rarely occur as- 
sociated with workable coals. Black slaty shale, marine limestone, and upper shale 
(Nos. 8, 9 and 10) are commonly more persistent and more uniform lithologically than 
most other members. 


VARIATIONS IN SECTION 


The succession of Coal Measures strata is very different in the 
northwestern and southeastern parts of the Eastern Interior basin. 
The sediments were apparently derived from a mountainous area on 
the southeast and in the southeastern part of the basin the geological 
section is much thicker and more sandy than it is on the northwest. 
But most important of all, the southeastern section consists of a 
greater number of cyclothems than are present farther northwest. 
The additional cyclothems of the southeastern section more or less 
gradually lose their identity northwestward, pass into almost un- 
recognizable rudiments that may be present here and there, or dis- 
appear entirely. This situation introduces the greatest difficulty that 
is encountered in cyclothemic correlation and some of the problems 
so raised have not yet been satisfactorily solved. 


SOUTHERN VERSUS WESTERN ILLINOIS 


The Coal Measures succession is greatly reduced both in thickness 
and in number of members present throughout a large area in western 
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Illinois near East St. Louis and on the north. Many of the beds below 
coal No. 6 are entirely absent or are only discontinuously developed 
in this area and the intervals separating several coals or their horizons 
are very small. Also there is extremely pronounced thickening, within 
short distances, of the section east of the Duquoin anticline, which 
extends north and south in the southern part of the basin near the 
third principal meridian, and this is accompanied by the introduction 
of a number of new cyclothems. As a result of these conditions the 
well known sections of southern and western Illinois are very different 
and correlation is unusually difficult because in the intervening area 
of much thinned section where some of the cyclothems are very similar 
and discontinuous it is possible unwittingly to jump from one coal or 
its horizon to another only a few feet above or below. 


STATUS OF COAL CORRELATIONS 


A state-wide investigation of the Coal Measures stratigraphy of 
Illinois by the Illinois State Geological Survey has been in progress 
for more than ten years and is rapidly nearing completion. During 
the course of these studies, as time and opportunity have permitted, 
numerous observations have been made in Indiana and western 
Kentucky in order to obtain data bearing upon stratigraphic prob- 
lems encountered in Illinois. In addition grants from the National 
Research Council to J. M. Weller in 1930 and from the Geological 
Society of America to H. R. Wanless in 1935 and 1936 have helped 
to finance observations outside of Illinois that would not otherwise 
have been possible. 

At the present time the principal unsolved problems of correlation 
within the Eastern Interior basin concern the highest and lowest 
parts of the Coal Measures. The correlations of the principal minable 
coals are for the most part clear and any uncertainties which still 
exist are indicated in the following discussions. 


COALS OF EASTERN INTERIOR BASIN 


Some fifty or more different coal seams are present in the Eastern 
Interior basin. Most of them are thin and no single seam is every- 
where developed. Almost every one of these coals, however, thickens 
in one or more areas so that it becomes locally important and has 
been dug at least on a small scale for local fuel requirements. Some of 
the thinner coals, where favorably situated, particularly in Indiana, 
have been stripped on a fairly large scale and stripping operations 
will doubtless be extended on such beds in the near future. Most of 
these seams can be excluded from the present consideration, however, 
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and attention mainly concentrated on those beds which do at present, 
or have in the past, supported large-scale underground mining 
activity. 

MINABLE COALS 


In Illinois six coals are of minable thickness and quality, in In- 
diana there are eight, in western Kentucky five. Listed in a single 
sequence from the bottom up these are as follows: (1) lower Brazil 
Block coal, Indiana; (2) upper Brazil Block coal, Indiana; (3) Rock 
Island No. 1 coal, Illinois; (4) Staunton Coal III, Indiana; (5) Col- 
chester No. 2 coal, Illinois; (6) Linton Block Coal IV, Indiana; 
(7) Springfield No. 5 coal, Illinois; (8) Grape Creek coal, Illinois; 
(9) Coal VI, Indiana; (10) Herrin No. 6 coal, Illinois; (11) Coal No. 
12, Kentucky; (12) Danville No. 7 coal, Illinois; (13) Coal No. 14, 
Kentucky. The following table shows the principal correlations and 
the general areas of importance of these coals. 


Northern and Southern and : 
Western Illinois Eastern IWinois Western Kentucky Indiana 
Coal No. 14 
Coal No. 7 Danville No. 7 Coal VII 
Coal No. 12 
Coal No. 6 Herrin No. 6 Coal No. 11 
Coal VI 
Grape Creek 
Springfield No. 5? Harrisburg No. 5 Coal No. 9 Petersberg V 
Linton Block IV 
Colchester No. 2 
Staunton III 
Rock Island No. 1 Murphysboro No. 2 Mannington Minshall 
U. Brazil Block 
L. Brazil Block 


COLUMNAR SECTIONS 


The accompanying graphic columnar sections (Figs. 3-6) show 
on a uniform scale the relations of all the coals present in different 
parts of Illinois, Indiana, and western Kentucky between the top of 
the conglomeratic Caseyville (Mansfield, Makanda, Babylon) sand- 
stone and the higher marine Lonsdale (Cutler, Madisonville, West 
Franklin, Somerville) limestone. The more important limestones and 
sandstones are shown in their proper positions and recognizable coal 
horizons without coal are indicated by dashed lines. The important 
minable coals are correlated from column to column and are briefly 
discussed later. Figure 2 shows the geographic locations of the colum- 
nar sections. 

Columns 1 to 4 (Fig. 3) show the development of the most impor- 
tant part of the Coal Measures in the northwestern part of the Eastern 
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Interior basin where a number of cyclothems present to the southeast 
are absent or represented by only sporadically occurring rudiments. 
The cyclothems from coal No. 2 upward, which constitute the prin- 
cipal parts of these sections, are persistent throughout this area and 
are recognizable in southern Illinois. 

1. Northern Illinois—The Coal Measures succession of La Salle 
County and vicinity differs considerably from the sections present in 
all other parts of the Eastern Interior basin but careful study has 


Fic. 2.—Outline map showing extent of Coal Measures in Eastern Interior basin, 
and locations of graphic columnar sections presented on Figures 3-6. Width of area 
mapped, approximately 375 miles. 


served to identify most of the beds with the more characteristic 
development of this part of the section in the Illinois valley. 

Three coals have been mined in this district. The first is coal No. 
7, the second is believed to be coal No. 6, and the third is coal No. 2. 
The “2nd vein” is lenticular and occurs at varying distances below 
the Brereton limestone which is a thin but fairly persistent bed. Thin 
coals, which are at least approximately equivalent to Coal IV of 
Indiana and the Grape Creek seam of eastern Illinois, are present 
above coal No. 2 and above the horizon of coal No. 5 but elsewhere 
in the northwestern part of the basin they are very rarely and only 
locally developed. Along the La Salle anticline the strata below coal 
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No. 2 are represented by thick fireclay similar and equivalent to the 
Cheltenham clay of the St. Louis district. 

2. Illinois valley—The Coal Measures section has been worked 
out in greater detail along the Illinois valley and vicinity than any- 
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Fic. 3.—Columnar sections 1-4. Vertical scale shown in feet, here and in 
Figures 4, 5, and 6. 


where else in the Eastern Interior basin. It consists of a well developed 
succession of cyclothems that have been identified in almost all parts 
of the basin and many of the most useful stratigraphic key beds are 
present here. 


Coal No. 5 is the principal seam mined in this part of Illinois 


| 
== 
— 
=— PIASA LS 
= 
== 
Bogert 


Z 


1382 J. MARVIN WELLER AND HAROLD R. WANLESS 


although coal No. 1 was formerly important near Rock Island and 
coal No. 2 has been extensively worked in small local mines. In a few 
very restricted areas other coals achieve respectable thicknesses but 
are too limited to be of appreciable importance. 

3. Madison and Macoupin counties, Illinois—The entire Coal 
Measures thins progressively down the Illinois valley toward St. 
Louis. Below coal No. 2 the section passes into the thick Cheltenham 
fireclay except for the basal Babylon sandstone and the Seahorne 
limestone which extends for some distance as a persistent bed, then 
gradually becomes discontinuous and finally disappears. Above coal 
No. 2 the sandstones become thinner and wedge out, and most of the 
shales decrease in thickness. Only coal No. 6 is workable. Several of 
the limestones, however, reach their maximum development here and 
the thin Jamestown coal makes its appearance, becomes more notable 
farther southeast, and finally becomes workable in parts of western 
Kentucky. 

4. Western Illinois —The thinnest development of the Coal Meas- 
ures in the Eastern Interior basin occurs in Adams and Brown coun- 
ties of western Illinois. Many members have disappeared entirely 
from the section and only the Purington shale and coal No. 2 are 
present with unreduced thicknesses. The section here does not con- 
tinue quite high enough to reach the Lonsdale limestone or its 
horizon. 

Columns 5 to 8 (Figs. 4 and 5) show the development of the middle 
part of the Coal Measures in central and southern Illinois and 
western Kentucky. The stratigraphic section has thickened so greatly 
in part of this area, as the result of the greater development of sand- 
stones and the introduction of new members, that it has been neces- 
sary to divide these columns into upper and lower parts at Illinois 
No. 2 coal and these are presented separately on Figures 4 and 5, 
respectively. Correlations with Figure 3 are indicated by the introduc- 
tion of western Illinois names and coal numbers in parentheses 
opposite the appropriate members. ; 

5. Southwestern Illinois —This section is constructed mainly from 
data obtained in Perry and Jackson counties. It is noteworthy be- 
cause it shows the beginning of the expansion that is most important 
below coal No. 2 and which becomes progressively greater across 
southern Illinois and western Kentucky. Except for thicker coals, 
this section is very similar to the development of corresponding strata 
between coal No. 2 and the Curlew (Seville) limestone, in parts of 
the northwestern portion of the Illinois coal field. In the areas of 
columns 3 and 4 many of these beds are absent and thus the Perry- 
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Jackson County section constitutes a connecting link between western 
and southern Illinois. 

The important coals of this area are the Murphysboro seam, a 
double benched coal now largely mined out, and coal No. 6. The 
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Blair coal, probably equivalent to the Harrisburg seam, is of minor 
importance. 

6. Central Illinois—The main coal-bearing strata in central Illi- 
nois are everywhere buried beneath a thick covering of younger beds 
and this column is, therefore, based on a study of deep borings and 
mine shafts. That part above coal No. 2 is comparable in thickness to 
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corresponding beds in the Illinois valley area as shown in column 2. 
Below coal No. 2, however, the section is similar but considerably 
thicker than that of column 2 and reflects the remarkable thickening 
of these lower beds that occurs southeastward across the basin. Coal 
No. 6 is the only important seam in this area although coal No. 1 
(Murphysboro?) was formerly mined in Christian County from the 
deepest shaft in Illinois. 

7. Southern Illinois —This column illustrates the approximate 
maximum development of the middle part of the Coal Measures in 
Illinois. The entire section has expanded and numerous members 
absent or poorly developed in other parts of the state are here more 
or less persistently present. Among the more important of these are 
the Bankston and No. 5a coals and the Stonefort limestone which 
extend far into western Kentucky. Both the Herrin and Harrisburg 
coals are actively mined in this district and the DeKoven and Davis 
coals give promise of considerable future importance. 

8. Western Kentucky.—This column illustrates the further expan- 
sion of the section that occurs eastward in western Kentucky. It is 
based mainly on observations in the western part of this field. It is 
not characteristic, therefore, of all of western Kentucky and probably 
does not indicate the maximum expansion occurring in that state. 

By far the most important coal of western Kentucky is No. 9. 
The Mannington and No. 11 seams, whose equivalents are mined in 
Illinois, are important in certain areas. Coals No. 12 and No. 14, thin 
or absent in other parts of the basin, locally achieve minable thickness 
and considerable local importance. 

Columns 9g to 12 (Fig. 6) show the development of the middle part 
of the Coal Measures along the eastern border of the Eastern Interior 
basin in southwestern Indiana and eastern Illinois. Correlation of the 
most important members is indicated by the introduction of Illinois 
names and coal numbers opposite them. 

9. Southern Indiana.—This column is based upon outcrops and 
drill records in Gibson, Pike, and Dubois counties and is much thinner 
than that presented for western Kentucky. In this area the lower part 
of the section is thinning notably toward the north and several more 
coals are present between the Holland (Minshall) limestone and the 
Mansfield sandstone than occur farther north. The only important 
seam in this area is the Petersburg Coal V although years ago the 
much thinner Cannelton coal was extensively mined adjacent to the 
Ohio River. 

10. Sullivan and Greene counties, Indiana.—This is the present 
standard section for Indiana. Coal V, known here as the Alum Cave 
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seam, persists as a thick coal across these counties and Coal VII has 
thickened from the south so as to be of some importance. These 
counties, however, are particularly noteworthy for the great develop- 
ment of Coals IV and VI which make this area one of the richest 
coal-bearing regions of the entire Eastern Interior basin. 

11. Vigo and Clay counties, Indiana.—This is Ashley’s original 
type section for the Indiana coal fields and the only area in which Coal 
III is of noteworthy commercial importance. Here also the coals 
beneath the Minshall limestone achieve their greatest development 
along the eastern border of the basin. Coals V and VII are present 
and minable in this area. 

12. Vermilion County, Illinois and Indiana.—In this area the 
entire Coal Measures is thinning notably toward the north and many 
of the coals shown in this column disappear. The persistent Coals V 
and VII extend into this area but as Coal VII reaches its maximum 
development Coal V pinches out completely. This district also appears 
to possess the only minable body of the Grape Creek coal or its 
equivalents. The Minshall coal also achieves minable thickness in 
this area. 


DESCRIPTIONS OF MINABLE COALS 


Lower Brazil Block coal.—The lower Block coal is at present the 
first important coal overlying the Mansfield sandstone in Indiana 
and it achieves its greatest importance in Clay County where it is a 
splint coal and is extensively mined. It is correlated with the Bell 
coal, No. 1B of western Kentucky, the Willis coal of southern Illinois, 
and the Tarter coal of western Illinois. In Indiana and western Illinois 
this seam is irregular in development, being present with good thick- 
ness in more or less small areas from which it thins in all directions and 
is locally absent. In southern Illinois and western Kentucky, however, 
it is a more persistent but thin seam. 

Upper Brazil Block coal—The upper Block coal lies close above 
the lower Block in Clay County, Indiana, where it is likewise mined. 
It is also a splint coal. Farther south the interval between these seams 
expands and it is known as the Ice House coal, No. 2 of the western 
counties of Kentucky from which it has been traced into southern 
Illinois. Farther east in the western Kentucky coal field it is the Elm 
Lick coal. It is correlated with the Pope Creek coal of western Illinois. 
Like the lower Block it is irregularly developed in Indiana and western 
Illinois whereas farther south it is a more persistent but thin seam. 

Rock Island No. 1 coal.—The Rock Island coal was formerly of 
much importance in the northwestern corner of the Illinois coal fields 
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but it is now largely mined out. Like the Block coals of Indiana it is 
irregularly distributed and lies in discontinuous areas separated by 
barren territory. It is correlated with the Minshall coal (Coal V of 
1899) of Indiana and is probably equivalent to the Murphysboro 
No. 2 coal of southern Illinois, now mined out, and the Mannington 
coal of Christian County, Kentucky, which is locally an important 
seam. The Minshall coal has been stripped extensively and worked 
from many local shafts and entries but has nowhere been subjected 
to large-scale underground mining. Its thickness, which in some areas 
exceeds 6 feet, requires, however, that this seam be included among 
the minable coals of Indiana. 

Both in the Rock Island district and in Indiana this coal is overlain 
by a conspicuous marine limestone of irregular development known 
by the names Seville and Minshall limestones respectively. This bed 
is also extensively developed in southern Illinois and western Ken- 
tucky as the Curlew limestone. In this southern area the limestone is 
believed to have risen in the section above the coal as the result of the 
introduction of members including a thin coal not present farther 
north. There is, however, some doubt regarding the correlation of the 
Murphysboro and Mannington with the Rock Island coal and they 
may actually belong at a slightly lower horizon. 

Davis and Dekoven coals—The Davis and Dekoven coals of south- 
ern Illinois and the adjacent part of western Kentucky are not at 
present commercial coals but their thicknesses of 4 feet or more 
throughout a considerable area and their good quality appear to 
guarantee their future importance. Outside of this area the Davis is 
a thin but persistent seam. The Dekoven coal is not quite so exten- 
sively developed but these two seams or their horizons have been 
recognized in outcrop almost completely around the basin. 

Staunton Coal III.—Indiana Coal III is important only in a 
comparatively limited area in Clay and adjacent counties. Its barren 
horizon is believed to have been recognized a short distance below 
the Colchester No. 2 coal in western Illinois and a thin coal at this 
horizon is probably present in southern Illinois and western Ken- 
tucky. 

Colchester No. 2 coal.—The Colchester coal is probably the most 
uniformly developed seam in the entire Eastern Interior basin. It has 
been opened at innumerable places in western Illinois but its thick- 
ness, which varies little from 30 inches, prevents it from being an 
important commercial coal at the present time. In northern Illinois 
it was formerly worked extensively from shafts where it is known as 
the La Salle “third vein” coal and reaches a thickness of 3} feet or 
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more. At present it is the basis of an enormous stripping operation. 
Southward it thins and is of little or no economic importance. It 
is known as Coal IIIa in the revised Indiana nomenclature and has 
been named Velpen in the area of the Ditney folio of the United 
States Geological Survey’s geologic atlas. In western Kentucky this 
seam is known as the Schultztown coal. 

This coal is overlain by a persistent black slaty shale above which 
occurs a very characteristic series of impure limestone bands bearing 
marine fossils and separated by shale. These limestone bands, black 
shale, and coal constitute one of the most readily recognized and 
stratigraphically important key horizons of the entire Coal Measures. 

Linton Block Coal IV.—The Linton Block coal is important only 
in a comparatively restricted area embracing parts of Greene and 
adjacent counties in Indiana. South of this area it is somewhat thinner 
and is known as the Survant coal. In western Illinois near Alton and 
in northern Illinois near La Salle thin local coals occur that are at 
least approximately equivalent to this seam. It is probably equivalent 
to Coal No. 8 of western Kentucky. 

Coal IVa, a thin seam next above the Linton Block in Indiana, is 
a very persistent bed that is known in western Illinois as coal No. 
4. It is commonly overlain by black and locally slaty shale, and in 
western Illinois this is succeeded by marine limestone and the coal 
or its horizon has been widely identified. In Indiana the black shale 
is associated with a layer of dense black impure limestone and con- 
stitutes an easily recognized horizon; it is the Houchin Creek coal 
of the Ditney folio and Coal No. 8B of western Kentucky. 

Harrisburg No. 5 coal——The Harrisburg No. 5 coal is equivalent 
to western Kentucky Coal No. 9 and the Petersburg or Alum Cave 
Coal V of Indiana. According to most recent observations it is prob- 
ably likewise equivalent to the Springfield No. 5 coal of western Illi- 
nois.* This seam is, therefore, the most important coal of the Eastern 
Interior basin. It is the principal coal mined in Indiana and western 
Kentucky and is second only to coal No. 6 in Illinois. 

Coal No. 5, like coals No. 2 and No. 4 of Illinois and their equiva- 

8 The Springfield seam is the true No. 5 coal of the type section built up by Worthen 
in western Illinois. In the discussion of the geology of Saline County, published in 
volume 6 of the Worthen survey reports, the Harrisburg coal was identified as No. 5 
and this number was consistently applied to it for more than 50 years. Later, strati- 
graphic studies in the area between the Springfield and southern Illinois mining dis- 
tricts appeared to show that the Harrisburg coal is equivalent to No. 4 rather than No. 5 
and this correlation was published by the writers in 1932 (Bull. Geol. Soc. America, 
Vol. 43, pp. 1007, 1008). Recent work which has resulted in a better understanding of 
the Indiana section suggests that the 1932 correlation is incorrect and that the Spring- 


—— Harrisburg coals are actually the same. This problem is not yet satisfactorily 
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lents elsewhere, is generally overlain by black slaty shale and marine 
beds including persistent limestone. It or its horizon has been recog- 
nized almost continuously around the borders of the basin but is 
locally entirely absent in the area of much reduced section in west 
central Illinois and it is. very inconspicuous in the Danville district. 

Grape Creek coal—The Grape Creek coal is important only in a 
very limited area south of Danville, Illinois. It continues southward 
through Indiana as a thin but persistent seam (Vb) and is equivalent 
to Coal No. ro of western Kentucky and No. 5a of southern Illinois. 
It is unknown in western or northern Illinois® except as possible local 
developments principally of cannel coal in Stark and La Salle counties. 

Coal VI.—Like Coals III and IV of Indiana, Coal VI is limited in 
development and is important only in part of Sullivan and adjacent 
counties in Indiana. Three rather persistent partings in this seam 
suggest that it is equivalent to Illinois coal No. 6 although such corre- 
lation is not made at this time because of the important interval 
separating it from the limestone cap rock of the latter seam and the 
intervention of another thin coal. This interpretation may not be 
correct because somewhat similar relations between a coal believed 
to be Herrin No. 6 and its cap limestone locally occurs in La Salle 
County, Illinois. 

Herrin No. 6 coal——The Herrin seam is the most important coal 
of southern and central Illinois and it attains the extraordinary 
thickness of 14 feet east of the Duquoin anticline in Franklin County. 
It thins out and disappears toward the northwest and becomes dis- 
continuous at the north where it is known as the Streator or La Salle 
“second vein” coal but achieves minable thickness in certain small 
areas. It is equivalent to Kentucky No. 11 coal which in the western 
part of that state is second in importance only to Coal No. 9. It is 
probably Coal VIb of Indiana. 

The Herrin coal is characterized throughout practically its entire 
extent by three persistent clay partings one of which is widely known 
as the “blue band.” These partings are more extensive than the coal 
itself and may be recognized, separated by thin streaks of smut, at 
many places where no actual coal is present. This seam is overlain 
by dark shale and a marine limestone which persists far beyond the 
limits of the coal. 

Coal No. 12.—This coal is important only in western Kentucky 
where it is mined in Hopkins and Muhlenberg counties. It continues, 


*In 1932 (op. cit.) the writers correlated the Grape Creek and Springfield No. 5 
coals. The Grape Creek coal, however, definitely overlies the Harrisburg coal and the 
present correlation of the latter bed with the Springfield seam forces the conclusion 
the previous correlation is incorrect. 
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however, as a thin seam which is persistent throughout southern and 
central Illinois where it is known as the Jamestown coal and in the 
southern half of the Indiana coal fields where it is termed the Millers- 
burg seam which has been incorrectly correlated with Coal VII. 
This seam lies close above the Herrin coal and at many places they 
are separated by little more than the limestone cap rock of coal No. 6. 

Danville No. 7 coal—The Danville coal, Illinois No. 7 coal, Indi- 
ana Coal VII, is at present principally worked in the Danville district 
in large strip mines. It thins out both toward the northwest and south 
and is absent in southern Illinois and parts of western Kentucky. In 
the latter area, however, it may be the seam that is locally known as 
No. 13. It was formerly worked by shaft at a few places in northern 
Illinois where it was known as the La Salle “first vein.’”’ This, like 
several of the lower seams, is overlain by black shale above which 
marine limestone may or may not be present. In general the limestone 
is best developed where the coal is thin or absent. 

Coal No. 14.—This seam is important only in western Kentucky 
where it is worked in large mines principally in Hopkins County. It 
is apparently discontinuous and there is some uncertainty regarding 
the equivalence of coals in different parts of this district that are 
known as Baker, Nebo, and No. 14. It is tentatively correlated with 
the Bankston coal of southern Illinois, a thin seam that is undeveloped 
in other parts of that state. 
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JACKSON EOCENE FROM BORINGS AT 
GREENVILLE, MISSISSIPPI 


H. N. FISK? 
University, Louisiana 
ABSTRACT 


The occurrence of Jackson beds at shallow depth beneath Greenville, Mississippi, 
furnishes an important clue to subsurface structural conditions under the broad al- 
luvially masked Mississippi River valley. Borings recently drilled there by the Mis- 
sissippi River Commission passed through approximately 100 feet of Recent alluvium 
before penetrating fossiliferous Jackson Eocene sediment. Samples from the borin 
studied for microfossils, indicate that the Jackson beds comprise the lower part of the 
Textularia hockleyensis zone and the upper part of the Textularia dibollensis zone. The 
contact of these zones dips westward toward the Arkansas syncline whose axis can be 
traced southward around the eastern margin of the Monroe uplift. The date of synclinal 
downwarping of the Jackson beds is considered to be Miocene. 


INTRODUCTION 


The Mississippi alluvial valley presents a major obstacle to geo- 
logical interpretation of the Mississippi embayment region. Not only 
is the valley underlain by a thick Quaternary alluvial sequence which 
effectively masks the underlying Tertiary sediment but its great 
width obscures regional structures indicated by outcrops flanking the 
valley walls. 

The alluvial valley widens north of the Miocene outcrop between 
Sicily Island, Louisiana, and Natchez, Mississippi, where the width 
of the valley is approximately 30 miles. In the region.of the Jackson 
Eocene outcrop between Drew County, Arkansas, and Yazoo County, 
Mississippi, the width of the Quaternary sediment has reached 80 
miles. Farther north the Arkansas River valley enters the Mississippi 
and the width of the combined valley systems is more than 130 miles 
between outcrops of the Wilcox Eocene. North of the Mississippi- 
Arkansas valley confluence Crowleys Ridge and its extensions divide 
the alluvial valley into separate basins which converge northward 
at the apex of the Mississippi embayment near Cairo, Illinois. 

The only detailed information concerning the Tertiary sediments 
in this wide alluvial region is obtained from the comparatively few 
borings which have been drilled through the Quaternary sediment. 
These borings are limited mainly to areas of oil exploration, water- 
supply investigation, and areas in which the Mississippi River Com- 
mission flood-control surveys have been made. Most of the detailed 
stratigraphic information has come from borings in search of oil where 
such geologic information is paramount. 

1 Manuscript received, May 29, 1939. 

2 School of Geology, Louisiana State University. 
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The writer was fortunate, therefore, in obtaining a set of middle 
Jackson Eocene cores, taken at approximately 1oo0-foot depths in six 
borings along the waterfront at Greenville, Mississippi. He is indebted 
to the Vicksburg Engineer District and the Mississippi River Com- 
mission under whose general supervision the aforementioned borings 
were made, and to William H. Jervis, associate engineer, and Ronald 
Mabrey, junior engineer, of the Soil Section, Vicksburg Engineer 
District, for samples and logs of borings; and to H. V. Howe, director, 
School of Geology, Louisiana State University, for identification of the 
microfossils which were washed from these cores. 

Throughout the Gulf Coast region the Jackson Eocene is a highly 
fossiliferous group of rocks which has been zoned in detail primarily 
on the basis of foraminiferal studies. In this region the following 
zones are generally accepted: upper Jackson, Valvulineria texana, 
Massilina pratti; middle Jackson, Textularia hockleyensis, Textularia 
dibollensis; lower Jackson, Camerina moodybranchensis, Operculina 
vaughani. Hence the stratigraphic position of each fossiliferous core 
in the Greenville borings was easily developed although none of the 
borings penetrated the Jackson for more than a few feet. The presence 
of Jackson Eocene at depth at Greenville should be of general interest 
because it has not been previously reported from the area and because 
it points to some interesting structural relationships. 


LOCATION AND GENERAL GEOLOGIC RELATIONSHIP OF BORINGS 
AT GREENVILLE 


Greenville, Mississippi, is located on Bachelor Bend, a recently 
abandoned course of the Mississippi River. It lies within the alluvial 
valley of the Mississippi River approximately 55 miles northwest of 
the outcrop of the Jackson Eocene at Yazoo City, Mississippi, and 
35 miles east of the Jackson outcrop in Drew County, Arkansas. 
(For the location of Greenville with respect to the outcrop of Jackson 
sediment in the Mississippi embayment, see the generalized map, 
Fig. 1.) 

The borings along the waterfront at Greenville (Fig. 2) were 
spaced at 1,500-foot intervals and were drilled to depths varying 
between 98 and 116 feet. They were projected into the north-north- 
east-south-southwest line AA’ of Figure 2 which forms the base line 
for plotting the logs (Fig. 3). ‘ 

The sequence of Recent alluvium recorded on the logs of the bor- 
ings is shown graphically on Figure 3. Each log recorded an upward 
gradation from coarse lenticular sands and gravels at the base through 
medium and fine sands into a group of sandy silts and silty clays near 
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the upper surface. This gradational sequence is very similar to that 
encountered in many other borings within the alluvial valley of the 
Mississippi River and is believed by the writer*® to reflect a gradual 
decrease in stream gradient since the maximum advance of the late 
Wisconsin ice. 
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Fic. 1.—Generalized ee ng Jackson Eocene and main structural features 
within Mississippi embayment. 


A predominant gray color of the alluvial sediments reflects their 
Mississippi River origin. Within the fine-grained sediments near the 
upper part of the typical gray sequence, however, tan sediments 
point to a mixing of Arkansas and Mississippi River materials. 

The Jackson Eocene sediment varies from carbonaceous clays to 
silty, or sandy, glauconite-bearing clays containing a few small gas- 


3H. N. Fisk, “Igneous and Metamorphic Rocks from Pleistocene Gravels in 
Central Louisiana,” Jour. Sed. Petrology, Vol. 9, No. 1 (April, 1939), pp. 20-27. 
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Fic. 3.—Cross section showing thickness of Recent alluvium and position of 
— Eocene samples in each boring at Greenville, Mississippi. For location of 
rings see Figure 2. 
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tropods, pelecypods, and scaphopods. Megafossils are, however, rare 
as compared to the excellent assembiage of Foraminifera and Ostra- 
coda. In the following list of samples taken from the cores of Jackson 
sediment, the samples are lettered to correspond to the sample posi- ; 
tions shown on Figure 3 and also to correspond to the letters following a 
the species of Foraminifera and Ostracoda on the check list. An 
additional sample Y from Yazoo City, Mississippi, has been added 
so that the fauna from the borings may be checked with a surface 
sample; the fauna as listed from this sample has been taken from the 
check list published by Monsour.* 
Sample A—depth, 98 feet (Boring 1; elevation, 128.3 feet M. G. L.). Dark 
bluish gray carbonaceous fossiliferous clay 
Sample B—depth, 104 feet (Boring 2; elevation, 135.1 feet M. G. L.). Dark- 
gray fossiliferous clay containing flecks of carbonaceous material 
Sample C—depth, 100 feet (Boring 3; elevation, 130 feet M. G. L.). Light- 
gray friable fossiliferous siltstone containing weathered glauconite grains 
Sample D—depth, 1o1 feet (Boring 3). Dark-gray fossiliferous silty clay 
containing fine lentils of medium sand and coarse glauconite particles ee 
Sample E—depth, 107 feet (Boring 3). Dark-gray carbonaceous fossiliferous oA 
clay with weathered glauconite particles eo 
Sample F—depth, 114 feet (Boring 4; elevation, 129.7 feet M. G. L.). Light- 


gray micaceous-glauconitic fossiliferous clay _ 
Sample G—depth, 102 feet (Boring 5; elevation, 127.5 feet M. G. L.). Light- - 
gray glauconitic fossiliferous silty clay Bai! 


Sample H—depth, 104 feet (Boring 5). Dark-gray fossiliferous clay with 
scattered grains of medium sand and coarse glauconite 

Sample I—depth, 104 feet (Boring 6; elevation, 104 feet M. G. L.). Light-gray 
fossiliferous siltstone slightly cemented by secondary calcite 

Sample J—depth, 108.5 feet (Boring 6). Dark-gray fossiliferous silty clay 
containing scattered grains of glauconite and mica flakes 

Sample Y—Yazoo clay of Jackson Eocene, Yazoo City, Mississippi. In rail- e 
way cut on Highway 49, west of town of Yazoo City, about } mile from 4 
west edge of town. Sample taken on south side of railway track about 30 
feet above mean water level of Yazoo River. Karl E. Young Loc. 12 


TABLE I 


Cuecx List oF FORAMINIFERA AND OSTRACODA FROM BORINGS 
FORAMINIFERA 
Ammodiscus incertus (d’Orbigny), b 
Anomalina costiana Weinzier| and Applin, Y 
danvillensis (Howe and Wallace), c, d, e, h, Y 
jacksonensis (Cushman and Applin), i 
_ Var. texana (Cushman and Applin), a, b, c, d, e, f, g, h, i, j, ¥ 
Asterigerina var., 
Bolivina gracilis (Cushman and Applin), a, b, c, d, e, f, g, h, i, j, ¥ 
fosheonmele (Cushman and Applin), a, b, c, e, f, g, h, i, j, Y 
sp.—c, 


_ ‘Emil Monsour, “Micro-paleontologic Analysis of Jackson Eocene of Eastern 
Mississippi,” Bull. Amer. Assoc. Petrol, Geol., Vol. 21, No. 1 (January, 1937), PP- 


* 


{ 


1398 _ A. N. FISK 


Bulimina jacksonensis (Cushman), a, f 
ovata d’Orbigny, a, b, c, d, e, f, g, h, i, j 
Bitubulogenerina mauricensis Howe, Y 
Buliminella basistriata var. nuda Howe and Wallace, b, c, d, e, f, g, h, i, j 
elegantissima (d’Orbigny), b 
Cassidulinoides braziliensis (C a ushman), a, Y 
danvillensis Howe and Wallace, i 
lobatulus (Walker and Jacob), ¢, d, f, g, h, Y 
Cornus pira involvens (Ruess), Y 
Cornus pira olygogyra Hantken, i 
Cibicides lobatulus (Walker and Jacob), Y 
mississip piensis 7 
yazooensis (Cushman), Y 
Dentalina communis d’Orbigny, Y 
(d’Orbigny), 


Discorbis alveata Cushman, Y 
assulata Cushman, b, c, <A h, j 
Cushman, e 
eon Cushman, a, b, d, e, f, g, h, j 


sp., 
Entosolenia laevigata (Reuss), Y 
Eponides jacksonensis (Cushman and Applin), a, b, c, e, f, g, h, j, ¥ 
Glandulina laevigata i,j 
Globigerina bulloides d’Orbigny, a, b, e, g, j 
danvillensis Howe and W; Wallace, a, b, c, e, g, j 
sp., a, b, c, d, e, f, g, h, i 
Globulina gibba d’Orbigny, a, b, c, d, e, f, h, i, j, ¥ 
var. tuberculata d’Orbigny, 4 h, j 
Globulina minuta (Roemer), a, d, f, g, h, i, j 
sp., a, b, c,d, e, g, h 
Gumbelina cubensis Palmer, Y 
Guttulina austriaca d’Orbigny, a, b, c, d, g, i, Y 
Guttulina irregularis d’Orbigny, a, a, 
Guttulina spicaeformis (Roemer), c 
Gyrodina danvillensis Howe and Wallace, a, b, c, e, g, h, j 
Haplophragmoides sp., b 
Hantkenina alabamensis Cushman, Y 
Karreriella sp. 1, h, i 
sp. 2, g, J 
Lagena acuticosta Reuss, c, f, g, i 
costata 
globosa (Montague), Y 
ouachitaensis Howe and Wallace, a, b 
Marginulina fragaria var. texasensis Cushman and Applin, g, h, Y 
Massilina decorata Cushman, Y 
Massilina goniopleura Hadley, a, b, d, e, f, h, i, j 
Nodosaria longiscata d’Orbigny, d, g, h 
vertebralis Batsch, b, i 
Nonion advenum (Cushman), a, j 
— Howe and Wallace, e, f, 
papotense Cole, b, c, d, e 
inexcavatum Cushman and Appli ,d 
micrum Cole, b, c, d, e, f, g, h, i, j, Y 
cf. planatum Cushman and Thomas, a, b, c, d, e, g, h, j, Y 
Nonionella cockfieldensis Cushman and Ellisor, a (reworked) 
danvillensis Howe and Wallace, Y 
hantkeni var. spissa Cushman, a, b, c, d, f, g, h, i, j 
jacksonensis Cushman, a, e, g, h, i, j, 
Polymorphina advena Cushman, b, c, e, h, Y 
Patellina, Y 
Pulvinulinella danvillensis Howe and Wallace, a, b 
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Quinqueloculina laevigata d’Orbigny, i 
seminula (Linne), b, d, + j 
Ramulina globulifera Brady, Y 
Reussella, sp., d, h 
Robertina sp., a, b, i 
Robulus alato-limbatus (Gumbel), Y 
articulatus var. texanus (Cushman and Applin), a, c, e, g, h, j 
limbosus (Reuss), Y 
Sigmomor phina jacksonensis (Cushman), a, b, e, g, h, i, j 
var. costifera Cushman and Ozawa, ¢, f, i, j, 
Siphonina advena var. eocenica ee and Applin, f, h, i 
danvillensis Howe and Wallace, b, e 
jacksonensis Cushman and —. e 
var. limbosa Cushman, a, c, d, g, j 
Spiriilina sp., j 
Textularia adalta Cushman, f, i, Y 
dibollensis Cushman and Applin, g, i, j 
var. humblei Cushman an Aplin, b, c, ¢, f, h 
hockleyensis Cushman and Applin, b, 
mississippiensis Cushman, a, "Lae 
var. rhomboidea (Cushman and "Ehisn, g, h, i, j 
var. alabamiensis (Cushman), c, e, 
Trifarina bradyi var. advena Cushman, h 
Triloculina sp. (ribbed), h 
Tritubulogenerina sp., g 
Uvigerina dumblei, c, f, h 
gardnerae Cushman, a, c, d, e, i, Y 
var. texana Cushman and Applin, Y 
Virgulina dibollensis Cushman and Applin, a, b, c, e, f, g, h, i, j, Y 
recta (Cushman), b, d 


OSTRACODA 


Archicythereis yazooensis (Howe and Chambers), c, f, h, j 
Brachycythere watervalleyensis Howe and Chambers, a, b, c, d, e, f, g, h, i, j, Y 
Buntonia shubutaensis Howe, a, b, c, e, f, Y , 
Bythocypris ? gibsonensis Howe and Chambers, f, g, h, i, j 
Cythereis ? catahoulana Howe and Pyeatt, b, f, h,Y 
—— Howe and Chambers, a, c, d, e, f, h, L¥ 
florienensis Howe and Chambers, a S. b, c, d, f, g, h, i, ¥ 
a Howe and Chambers, a, b, c, d, e, h, i, j 
yysonensis Howe and Chambers, b, d, e, j, Y 
? jacksonensis Howe and Pyeatt, a, d, etaLiY 
montgomeryensis Howe and Chambers, a, c, d, e, g, i, j 
yazooensis Howe and Chambers, Y 
Cytherella sp., h, Y 
Cytherelloidea danvillensis Howe, b, c, d, g, h, j, Y 
montgomeryensis Howe, d, h, j 
Cytheretta alexanderi Howe and Chambers, f, h, Y 
Cytheridea (Clithrocytheridea) grigsbyi Howe ‘and on f 
(Haplocytheridea) ehlersi Sires and Stephenson), Y 
(Haplocytheridea) montgomeryensis Howe and Chambers, a, b, c, d, e, f, g, h, i, j, Y 
ouachitaensis Howe and Chambers, c, d, e 
Sp., 
Cytheropteron montgomeryensis Howe and Chambers, a, ¢, é, f, g, h, i, j, ¥ 
Eocytheropteron spurgeonae Howe and Chambers, d, h, j j 
jacksonensis Howe and Chambers, a, b, c, d, e, h, i, Y 
Loxoconcha jacksonensis Howe and Chambers, a b, c,d, e, h,i 
Paracypris franquest Howe and Chambers, f, bY 
Pyricytherets israelskyi (Howe and Pyeatt), a, b, c, e, f, g, ji, ¥ 
var. moresi Howe and Pyeatt, a, d, 
var. warnert Howe and Pyeatt, j, Y 
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STRATIGRAPHIC POSITION OF JACKSON SAMPLES 


The lithologic character of the Jackson sediment in the borings is 
comparable with that of beds described by Lowe’ from the type local- 
ity of the Yazoo clays near Yazoo City, Mississippi. They are also 
lithologically similar to the transition sediment between the clays 
bearing Textularia dibollensis and the overlying silty and sandy 
carbonaceous clays carrying Textularia hockleyensis, and to marine 
tongues of sediment within the upper part of the Textularia hock- 
leyensis zone in central Louisiana. 

The fauna from these beds has been listed by the writer® from 
Grant and La Salle parishes and by Monsour’ from the Jackson beds 
exposed along the Ouachita River, Catahoula Parish, Louisiana. 
Monsour’s check lists and excellent faunal analyses of the Jackson beds 
form the basis for much of the faunal comparison in the present paper. 

The faunal assemblage of Foraminifera and Ostracoda from the 
northern borings (Nos. 4, 5, and 6) at Greenville is very similar to 
that listed by Monsour from the exposure of Yazoo clay at Yazoo 
City, Mississippi, and from the upper part of the Cocoa sand in 
eastern Mississippi. The species identified from these borings are 
typical of those which characterize the Textularia dibollensis zone of 
Louisiana and Mississippi. Because no fossils found in the Greenville 
borings or in the exposure at Yazoo City are diagnostic of the lower 
Jackson Moody’s Branch marl beds except a reworked, pyritized 
Nonionella cockfieldensis, the samples must be from beds well toward 
the top of the zone. 

Samples from the southern borings (Nos. 1, 2, and 3) at Greenville 
contain Textularia hockleyensis or Nonion chapapotense, diagnostic 
fossils from estuarine tongues within the upper part of the Textularia 
hockleyensis zone in central Louisiana.* These tongues contain, in 
addition to Nonion chapapotense, fossils such as Valvulineria texana 
and Virgulina danvillensis which do not occur in beds lower than the 
“‘Pecten-Bryozoan horizon” of eastern Mississippi. None of these 
fossils has been reported from the clays at Yazoo City. Furthermore, 
the samples from the southern borings at Greenville are limited in 
upward extent by the absence of any fossils diagnostic of the upper 
Jackson Eocene, either from the upper Danville Landing beds of 
Louisiana or from the “‘Lenticulina horizon’’ of eastern Mississippi. 

5 E. N. Lowe, “Geology and Mineral Resources of Mississippi,” Mississippi Geol. 
Survey Bull. 20 (1925), p. 79. 


° H. N. Fisk, “Geology of Grant and La Salle Parishes,” Louisiana Dept. Cons. Geol. 
Bull. 10 (1938), pp. 98-111. 


7 Emil Monsour, op. cit. See check list Loc. 1 (C, D, E) and Loc. 2. 
N. Fisk, op. cit., p. 105. 
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THICKNESS OF SECTION 


The Greenville borings expose a stratigraphic sequence equivalent 
to about 25 feet of the middle Jackson section in eastern Mississippi 
and to 120 feet in central Louisiana. Because the deposits thicken 
westward across Mississippi it is assumed that the Greenville section 
beneath the flood plain is also thicker than that exposed in eastern 
Mississippi. Fortunately the writer was able to check this assumption 
by drawing a hypothetical contact between the beds carrying the 
Textularia hockleyensis fauna in the three southern borings and those 
carrying the Textularia dibollensis fauna in the three northern borings. 
The contact line (shown on Fig. 3) was drawn as nearly horizontal 
as possible. The resultant component southwest dip parallel to AA’, 
approximately 35 feet per mile, permits the reconstruction of a middle 
Jackson section approximately 60 feet thick. 


GENERAL STRUCTURAL CONSIDERATIONS 


The main structural features of that part of the Mississippi em- 
bayment in southeast Arkansas, northeast Louisiana, and west- 
central Mississippi are the Monroe uplift, centered in Morehouse 
Parish, Louisiana, and the Desha basin of the Arkansas syncline on the 
north in Desha County, Arkansas (Fig. 1). 

Spooner,* who named the Arkansas syncline, refers to it as follows. 

The Arkansas syncline, a restricted part of the upper Mississippi embay- 
ment, includes most of eastern Arkansas north of Bradley, Drew, and Chicot 
counties. It is a broad synclinal trough, plunging gently southward along its 
axis which closely follows the course of the Mississippi River into northern 


Desha County where it is deflected by the Monroe uplift and trends slightly 
east of south into Mississippi. 


Spooner dates the formation of both the Arkansas syncline and 
the Monroe uplift from the Upper Cretaceous, deformation being 
greatest during the deposition of the Lower and Middle Eocene 
Wilcox and Claiborne groups. He believes, however, that the forces 
that shaped the Monroe uplift were those that formed the Angelina- 
Caldwell flexure on the southern edge of the uplift. 

The Jackson Eocene reflects some of the late deformational effects 
associated with these structural areas. South of the Monroe uplift 
the Jackson Eocene strikes northeastward across central Louisiana 
and crops out finally along the Ouachita River in southern Caldwell 
Parish. Northeast of the outcrop a complete section of Jackson has 
been reported in isolated borings beneath the Mississippi valley allu- 


* W. C. Spooner, “Oil and Gas Geology of the Gulf Coastal Plain in Arkansas,” 
Arkansas Geol. Survey Bull. 2 (1935), pp. 136-37. 
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vium in southern Franklin Parish and in northern Tensas Parish.'° 
A complete Jackson section has also been reported from Elliot’s 
Parker well No. 1 in southwestern Warren County, Mississippi. From 
this well the Jackson Eocene can be traced northeastward to the 
surface outcrops of a complete Jackson section exposed in Warren 
and Yazoo counties, Mississippi. The strike of the beds in these 
counties can be traced southeastward across Mississippi into Ala- 
bama. The strike direction changes from southwest to southeast 
beneath the alluvial cover of the Mississippi valley near the eastern 
margin of the Monroe uplift. The change in strike direction points to 
a broad gentle downwarp about an axis trending south-southwest 
and located beyond the Mississippi alluvial valley, slightly east of 
Vicksburg. 

Although the exact location of the synclinal axis is unknown, its 
position may be tentatively established in central Sharkey and War- 
ren counties, Mississippi, because it is known from surface exposures 
that the beds in west-central Mississippi dip southwestward and 
because an easterly and southeasterly dip away from the Monroe 
uplift and toward west-central Mississippi has been accurately shown 
by Fergus" in his discussion of the Monroe gas field. The dips away 
from the Monroe uplift have been measured on the upper Claiborne- 
Cockfield formation. They are very gentle but should be sufficient 
to bring down the Jackson-Cockfield contact to a point where it could 
be encountered in borings beneath the Mississippi alluvium in Issa- 
quena County, Mississippi. This assumption is supported by Munroe’ 
who believes that the O’Brien Bros. well No. 1, located in east-central 
Issaquena County near the Sharkey County line, penetrated the 
Tertiary sediment near the Jackson-Claiborne contact and that it is 
entirely possible that the Jackson may have been scoured away locally 
by the Mississippi River. 

It is probable that the axis of downwarp bends northwestward 
around the margin of the Monroe uplift and is downwarped toward 
the Desha basin in southeastern Arkansas. (See Fig. 1.) Several lines 
of reasoning support this assumption. First, the Jackson-Claiborne 
contact exposed in Cleveland and Bradley counties, Arkansas, strikes 
southeastward around the northern edge of the Monroe uplift and 
the dip is sufficiently great to bring down a considerable section of 
Jackson which Spooner reports beneath the alluvium in Arkansas, 
Desha, Lincoln, Jefferson, and Monroe counties, Arkansas. In Lincoln 


10 W. D. Chawner, “Geology of Catahoula and Concordia Parishes,” Louisiana 
Dept. Cons. Geol. Bull. 9 (1936), pp. 148-51. 


" Preston Fergus, “Monroe Gas Field, Louisiana,” Geology of Natural Gas (Amer. 
Assoc. Petrol. Geol., 1935), pp. 741-72. 


2 D. J. Munroe, geologist, Sun Oil Company (personal communication). 
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County he estimates the thickness as between 250 and 400 feet. 
Secondly, the dip of the Jackson is south-southwest from Lee County, 
Arkansas, on the northeast, where the Jackson-Claiborne contact is 
exposed, through Phillips County toward the axis of the Arkansas 
syncline. Thirdly, although Spooner reports no Jackson beneath the 
alluvium in Chicot County, Arkansas, it is quite obvious that a 
considerable section exists in northern Chicot County because of the 
thick section encountered directly across the Mississippi River in 
the borings at Greenville. No Jackson beds are exposed here but the 
dip must be northward (away from the regional strike) and toward 
the synclinal axis. 

The true dip at Greenville is indeterminable on the basis of 
existing information but because the beds there are much lower in 
elevation and higher stratigraphically than those exposed at Yazoo 
City on the southeast, it is assumed that it is in a more westerly 
direction than is indicated by the section AA’ and that it is toward a 
syncline whose axis XX’ is shown on Figure 1. 

The evidence seems fairly conclusive that the Greenville borings 
penetrated Jackson sediment near the axis of a syncline which may 
deepen toward the north in the Desha basin and continue southward 
around the edge of the Monroe uplift into west-central Mississippi. 
The fact that the strike of the Claiborne Eocene and the overlying 
Jackson Eocene beds is the same in the Mississippi embayment in- 
dicates that both groups of Eocene sediment suffered the same defor- 
mational history. Likewise, the post-Jackson doming of the Monroe 
uplift as established by Spooner can be extended in time to post- 
Vicksburg because the regional seaward dip of the Jackson and 
Vicksburg in the Mississippi embayment is identical. 

The Arkansas syncline opens southward and the dips of all Oligo- 
cene and Eocene beds abruptly steepen with the Angelina-Caldwell 
flexure. The line of steepening of beds is slightly north of the apex 
position of the enormously thick deltaic masses of the Miocene. It is 
the assumption of the writer that at least the latest uplift of the 
Monroe area was a compensative movement for downwarping be- 
neath the thick Miocene deltaic masses. Its close corollary is the 
highland of southwest Mississippi which has been upwarped north 
of the Mobile-Tunica flexure” as a compensation" for downdragging 


of the thick Quaternary deltaic mass south of the Florida parishes, 
Louisana. 


8H. V. Howe, “Louisiana Petroleum Stratigraphy,” Oil and Gas Jour., Vol. 34, 
No. 48 (April, 1936), pp. 98-111, 124-28; Louisiana Dept. Cons. Gen. Minerals Bull. 27 
(July, 1936), pp. 1-46. 

“ H. N. Fisk, “Pleistocene Exposures in Western Florida Parishes, Louisiana,” 
Louisiana Dept. Cons. Geol. Bull. 12 (1938), pp. 3-25. 
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STUDY GROUP REPORTS 


PREFACE 


With this issue of the Bulletin the editorial board of the A.A.P.G. is 
continuing a new series of informative articles entitled “Study Group Re- 
ports.” We feel that it is eminently desirable to supply condensed information 
on practical petroleum geology problems and at the same time furnish in- 
formation which is up to the minute in character. 

One of the geological societies affiliated with the A.A.P.G. is the Houston 
Geological Society. They conceived the idea of establishing specialized groups 
to study certain definite problems and report on them at stated intervals of 
time. The subjects which were selected for special study are the following. 


Surface geology Geophysics 

Subsurface geology Structural geology 
Paleontology Mechanical well surveying 
Stratigraphy Evaluation 

Sedimentation Statistics 

Paleogeography Economics 

Exploitation geology Topography 

Aerial geology Electrical well surveying 
Soil analyses 


A card was sent to approximately 300 members of the society, requesting 
each member to indicate which study group he preferred to join. A place was 
provided for first, second, and third choice. Subsequently, a steering com- 
mittee of the society grouped the members according to their choice and 
selected a leader for each group. After studying their problem for two or three 
months, the conclusions reached by a certain group were put into brief form. 
These briefs were then published on mimeographed sheets and distributed. 

With the permission of the Houston Geological Society and the members 
of the various groups involved, it is our privilege to republish some of these 
group reports. The first two have appeared in the August Bulletin. After read- 
ing the reports, the editor is anxious to hear from as many readers as possible 
to get an expression of opinion regarding (1) the desire of the members to 
see more of these in print, and (2) the possibility of establishing other similar 
study groups in other parts of the country. 

W. A. VER WIEBE 


DATUM PLANES FOR CONTOURING THE 
GULF COAST REGION 


REPORT OF HOUSTON GEOLOGICAL SOCIETY STUDY GROUP 


STUDY GROUP MEMBERS 


Suretey L. Mason, leader, E. W. K. ANprav, Hrttarp W. Carey, Frank G. 
Evans, D. Hacen, Harry W. Jounston, Harry Kiran, W. W. Patrick, 
J. A. WHEELER. 
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PURPOSE 


The group selected the datum planes most valuable for regional 
subsurface contour maps in the Gulf Coast. It decided the relative 
importance of these and outlined the areas the individual maps 
should cover. A base map of the Gulf Coast from the Rio Grande to 
Alabama was marked to show the location and areal extent of the 
more important contour maps and of some others of minor impor- 
tance. 

Particular attention is called to the fact that the selection is made 
for regional maps only. The selection of contour planes for field maps, 
or those of restricted localities, should be based on the local columnar 
section and the depths considered most important locally. 


ACKNOWLEDGMENTS 


Acknowledgment is made to the companies coéperating in the . 
Houston Cross Section Project for the negative of the outline base 
map, and to colleagues who contributed useful information. 


TERMINOLOGY 


The terms, formation names, ef cetera, in this report are used in 
their present-day, subsurface sense. For this purpose it is not impor- 
tant that the terms be correct or that they can be correlated with sur- 
face formations of the same name. Those used are simply the least 
confusing. The same rule of present usage applies to the major 
stratigraphic divisions. The members of the study group accept no 
responsibility for these terms; formations listed under Oligocene may Aiea 
actually be Miocene, or vice versa, without altering the decisions ae 
made here. 


MAP 
The areas covered by the contour maps of primary importance are 
outlined on the base map by distinctive lines. Some of the minor ones 
are indicated by thinner lines. 
DISCUSSION OF PLANES 


MIOCENE 


For the present, there are no planes in the Miocene that are con- 
sidered of major importance. There are three that should be mentio~ed. 
Marine faunal zone (or zones).—In the coastward areas, particu- 
larly in Louisiana, where the “middle Marine” (Oligocene) shales are 
below normal drilling depths, paleontologists have selected faunal 


x 
; 
fe 
ae 


NOIS3Y LSYOO 
ONINNOLNOD 


S3NV"d JO 


govjinsqns 10; souvjd wnjep SurMoys Ory jo 


\ 
\ wat 4 / ? 
heeds | | / 
é \ 
mo 
\ \ \ \ 
ad. / x / SY 


souejd umjzep Zurmoys ‘ysva oy} uo Avg 
0} JSAM UO JOATY vUIeqeTy 
‘eUBISINO'T JO Bare JINX) Jo z “OI 


1408 STUDY GROUP REPORTS 


zones which they believe constitute “markers.’”’ As yet, these are 
distinctly individual. The reliability of these zones is not yet estab- 
lished but the writers are confident that at least one useful marker 
will be set up within the next few years. 

The base of the Miocene is an excellent marker in most of the area 
covered by the Heterostegina map. It will be used in most cases to 
check the paleontologists’ selection of the Heterostegina for that map. 
It does not seem advisable to maintain a regional map on the base 
of the Miocene when one is kept on the Heterostegina as there is not 
enough difference between them. For the special purpose of study of 
the wedge of middle Marine shales, however, a contour map on this 
horizon would necessarily be used with one on the “Frio.” 

The base of Oakville.is a definite point on the electrical logs through 

- a considerable part of southwest Texas. In most of the area, lower, and 
therefore better, planes are available. As this is the first definite point 
that can be established in drilling a well in southwest Texas, a map 
might be useful for early control. 


OLIGOCENE 


Heterostegina.—A map on this horizon is considered of first im- 
portance. The belt through which it is useful extends from Alabama 
to the Rio Grande and covers more than half of the production of the 
Gulf Coast. The top of the assemblage characterized by the genus is 
the basis for the datum with corrections of the paleontological selec- 
tion by electrical-log correlation when near-by records are available. 

The importance of this map is due to several factors. The Hetero- 
stegina point is still the most reliable of those selected in the middle 
Marine shales when one is using points given by different paleontolo- 
gists. It gives structural control above the important Frio sand or its 
separated equivalents in Louisiana. This control in many places is 
available before the Frio is reached or an electrical log run. 

Frio.—While it would not be a map of first importance, a map on 
the top of the Frio would be useful. The datum for this map would 
be the top of the break between the middie Marine shales and the 
sandy Frio section. It must be-selected from electrical logs as the so- 
called Frio point from scout reports may be somewhat higher or lower. 

This is the only datum plane selected by this group which is 
definitely not a time-plane. Some others may not be accurate time- 
planes but are as close to that as present knowledge allows. However, 
with the recognition of this distinction and of the exaggeration of 
regional dip entailed, such a map should not be confusing. 

The map would be useful in giving the closest possible approxi- 
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mation of the depth necessary to reach the first Frio sand. In conjunc- 
tion with a map on the base of the Miocene, it will outline the shape 
and extent of the middle Marine shale wedge, a major feature of Texas 
Gulf Coast stratigraphy. This map should not be extended into 
eastern Texas and Louisiana where sands appear in what is elsewhere 
the shale wedge and there is no Frio top as we have used the term. 
If the map were extended through by correlation, it would have no 
value. 

Top of Vicksburg shale-—Although this is not considered a primary 
plane, there are considerable areas, particularly in the southwest, 
where the top of the Vicksburg shale furnishes the lowest reliable 
datum and locally the only reliable datum. 

The point is selected at the top of the shales which ordinarily have 
Textuiaria warreni as their first reliable marker, although in places 
the Jackson foraminifera below are the first noted. It corresponds 
with the base of the sand body called ‘‘Vicksburg”’ by some, “basal 
Frio” by others. Where the Vicksburg and Jackson shales are unin- 
terrupted by sand bodies, this point is sharp and distinctive; where 
the lower sand bodies appear it can usually be determined by the 
presence of Textularia warreni or by lithologic correlation so that, 
although less certain, it fills a definite need. 


EOCENE 


Hockley.—A contour map on the top of the Textularia hockleyensis 
zone has been an essential one. In recent years the data for making 
a Cockfield map through the same belt have been made available 
and the need for a Hockley map is reduced although many workers 
find it useful. It has the advantage of checking whether wells are struc- 
turally “high” or “low” before they reach the sand. The Hockley 
point is a straight paleontological selection checked by the intervals 
from the Vicksburg and upper Jackson faunal zones above and from 
the Textularia dibollensis zone below. The area covered by Hockley 
contouring coincides with that marked on the map for the Cockfield 
as far eastward as the Mississippi River region where the Hockley 
contouring ends. 


SOUTHWESTERN SANDS 


I. Cole sand.—The Cole sand, the first marked sand break above 
the top of the Hockleyensis, was formerly rather extensively used in 
the South Texas area, primarily because it was easily recognized from 
drillers’ logs. Since the advent of electrical logs it has fallen into disuse 
as it has been learned that the Cole sand consists of a series of sand 
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lenses which wedge out updip with considerable abruptness, the older 
strand lines ordinarily lying farther inland than the younger. For this 
reason, unless extreme care is used in correlation, the use of this sand 
as a marker will afford some rather misleading subsurface information. 
Both the updip and downdip limits of the Cole sands finger out into 
shale. 

II. Government Wells sands.—The Government Wells sands afford 
an excellent marker throughout the area in which they are present. 
This group of sands vary in thickness from slightly less than 300 feet 
where fully developed, to zero at its upper and lower limits. The top 
of the so-called lower Government Wells member furnishes the most 
consistent correlation point in this group; however, before selecting, 
careful correlations of-electrical logs are necessary and, too, building 
of detailed cross sections is recommended for anyone not thoroughly 
familiar with its use as a key bed. 

III. Mirando sand zone.—The top of the Mirando sand zene or 
the top of any of the lower Mirando sands, as determined from elec- 
trical logs, is an excellent key horizon within the relatively narrow 
belts of occurrence. The maximum thickness of the zone is approxi- 
mately 350 feet, where best developed. Across the deeper part of the 
Rio Grande embayment it wedges out updip, but southwest and 
northeast of this geosyncline it extends to the surface. In its updip 
limits it consists of a single sand body, but seaward it breaks into as 
many as five distinct sands which are eventually completely replaced 
by marine shales. 

Cockfield—The Cockfield is a key horizon of primary importance. 
Typically it is selected at the sandy break just below the Nonionella. 
There are, unfortunately, considerable areas where the upper part of 
this section is not sandy and the selection must be the “paleo” point 
in shale, this point being checked by the intervals from Moody Branch 
fauna above and the Yegua points below. In northern Duval County 
the Cockfield is selected from electrical logs as the top of a thick, 
rather massive, series of sands occurring about 800 feet below the 
top of the Hockleyensis. In the Duval-Webb area, the limit of this 
lithologic break can be traced updip with fair accuracy to within ap- 
proximately 2,500 feet of the surface, the downdip control being 
limited by depth of present exploration. 

Sparta-Queen City.—Regional subsurface mapping in South Texas 
above the updip limits of the Mirando-Cockfield strand lines and 
below the practical downdip limits of Austin chalk is somewhat dif- 
ficult due both to lack of suitable key beds and lack of well records. 
In that area, as outlined on the map for Sparta-Queen City control, 
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the Sparta sand can be readily selected from electrical logs. It occurs 
as a distinct sand body 400-500 feet below the Ceratobulimina and 
200 feet above the Weches. The top of the thick-bedded Queen City 
sands occurs about 300 feet below the top of the Sparta. 

Carrizo-Wilcox.—The top of the sandy formation below the lowest 
Mount Selman shales furnishes a datum in the northernmost belt 
with which Gulf Coast geologists are concerned. Generally this shows 
as a distinctive break on electrical logs. In South Texas, lack of data 
and confusion concerning Bigford sand make contouring hazardous. 
The Sparta-Queen City map discussed here is therefore recom- 
mended for that area. 

The fact that the sandy formation underlying this datum is recog- 
nized as Carrizo in some localities and as Wilcox in others may call 
for later changes but, with present knowledge, it is the closest possible 
approximation to a uniform stratigraphic and time plane. 

Lower datum planes, such as the top of the Midway or top of the 
chalk, are not considered within the province of Gulf Coast geology. 
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MITTELAMERIKA, BY KARL SAPPER 


REVIEW BY R. D. REED! 
Los Angeles, California 


Mittelamerika, by Karl Sapper (Garmisch) with the collaboration of Walther 
Staub (Bern). Handbuch der regionalen Geologie, VIII Band, 4a Abteil- 
ung. (Central America, by Karl Sapper, assisted by Walther Staub, 
Handbook of Regional Geology, Vol. 8, Sec. 4a.) Heidelberg, 1937, Carl 
Winters Universitatsbuchhandlung. 160 pp., 15 figs, 11 pls. Price, RM 
27.60, less 25 per cent on orders outside Germany. 


From 1888 to 1900 Professor Sapper undertook a private geological survey 
of Central America. Walking everywhere, counting paces, taking barometric 
elevations, and collecting rocks and fossils wherever he found them, he criss- 
crossed the land along numerous roads and trails. Most of his collections, 
which were scanty at best for much of the country, were lost during transport 
to Germany, and others shortly afterwards. He returned to Central America 
in 1902, 1923 and 1928, but naturally could not cover the whole country 
again. In addition to his own work, however, Professor Sapper has been able 
to learn something from his predecessors and more from his successors in 
Central American geology. Particularly in the last two decades, oil geologists 
have made intensive studies of certain areas. Other geologists have studied 
the routes of the Panama and (projected) Nicaragua canals. In spite of all 
the work done, however, the geology of Central America is still known only 
in a sketchy way. Probably Professor Sapper knows it better than anybody 
else. The volume under review tells simply and clearly what he knows and be- 
lieves. Many of the data are also displayed on usable and fairly graphic black- 
and-white maps. 


I. MorpPHotocic REview, EARTHQUAKES, VOLCANOES 


Central America is one of the two connecting links between North and 
South America: a western land-bridge, as contrasted with an eastern island 
chain. Northern Central America is genetically related to the Greater Antilles, 
but the largely volcanic southern Central America is not known to be so re- 
lated to the likewise volcanic Lesser Antilles. The Central American land- 
bridge, which stretches from the Isthmus of Tehuantepec to the Atrato low- 
land of northwestern Colombia, is a well defined geographic unit of three- 
quarters of a million square kilometers. A small uplift would greatly enlarge 
the area of Yucatan and Panama and a sinking of 50 meters or a little more 
would destroy the land-bridge and restore the conditions that existed between 
North and South America throughout the greater part of the Tertiary. Even 
to-day the Nicaraguan lowland constitutes a well marked botanical boundary 
between the two continents and is likewise an important structural boundary. 


1 Chief geologist, The Texas Company (California), Manuscript received, June 27, 
1939- 
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The three tectonic units of Central America are (1) the low-lying limestone 
plateau of Yucatan; (2) the mountainous area, with chains striking east and 
west, of northern Central America; and (3) the S-shaped series of mountain 
chains of southern Central America, with a low point at the Panama Canal 
where two chains meet. Both mountainous areas have peaks rising above 
3,500 meters, highest of all being Tajumulco in Guatemala, 4,210 meters. 
The whole of Central America is about 1,900 kilometers long, the width 
being rarely more than 500 kilometers. Tehuantepec is just over 200 kilo- 
meters, Panama about 75 kilometers. Since the whole area lies between 7° 
and 22° north latitude, the lowland climate is tropical throughout, though 
cool north winds sometimes chill the northern plains. The éierra caliente is be- 
low 600 meters, tierra templada between 600 and 1,800 meters, and tierra fria 
above 1,800 meters. Extremely rapid chemical weathering prevails in the 
lowlands, particularly in the large areas of heavy forest. Thus rocks of almost 
any kind come to be covered with a thick mantle of very uniform soil, and rock 
outcrops are notably scarce. A map showing areas of rain-forest shows also 
many of the areas that are geologically obscure. 

The divides are generally nearer the Pacific than the Atlantic shore. The 
relatively long Atlantic rivers often become flooded as soon as the rainy 
season starts and thus withdraw additional vast areas from geological ob- 
servation. 

The Central American volcanic belt, stretching northwest and southeast 
near the Pacific coast is also a belt of high seismicity. Sapper summarizes the 
more important data concerning both volcanoes and earthquakes, neither of 
which have received the attention they merit. Many of the data are shown in 
Figures 1 and 2. Old Tertiary eruptives are estimated to cover more than 20 
per cent of the country, or about 170,000 square kilometers. Younger lavas 
are also spread to considerable but unknown thicknesses over vast areas. 

The volcanic outbreaks of Martinique and St. Vincent in 1902 and 1903 
had distinct echoes in Central America. 


. II. StRATIGRAPHY AND Rock TyPEs 


Crystalline schists, including gneisses, phyllites, mica-schists and ser- 
pentines* that look old, occur at many places in the mountains north of the 
San Juan River, but their age can at best only be proved to be pre-Lower or 
pre-Middle Permian so long as no fossils definitely older than that are known. 

Paleozoic rocks are found in fairly large areas north of the Nicaraguan 
lowland. The oldest fossil-bearing beds, the Santa Rosa series, were once 
thought to be Carboniferous or in part older, but on the basis of foraminiferal 
studies by Professor Dunbar are now referred chiefly to Middle Permian. 
The strata are micaceous sandstone and shale, generally red or brown, here 
and there altered and crystalline. The basal beds are coarse, with fragments of 
mica-schist and other crystalline rocks. Toward the top the series locally be- 
comes calcareous, or is overlain by limestones and dolomites, also Middle 
Permian in age according to Dunbar. 

The Santa Rosa beds lie discordantly on folded beds of Carboniferous or 


* According to Schuchert, Historical Geology of the Antillean-Caribbean Region 
(2935), p. 338, the serpentines are known to be merely post-Permian and pre-Lower 

retaceous. Thus they might prove to be of the same age as the serpentines of Califor- 
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pre-Carboniferous age and were themselves folded before the deposition of 
the oldest Mesozoic beds, the Todos Santos series. These are sandstone, marl, 
clay slate, sandy shale, and conglomerate. They are widespread and locally 
have yielded leaves of probable Lias age. They are coarse at the base, finer 
above, in many places grading upward into Lower Cretaceous limestone with 
fossils. Overlying them are Middle and Upper Cretaceous strata, in many 
places calcareous but variable in facies, and so incompletely studied as to for- 
bid the making of any such synthesis as Burckhardt made for the Mesozoic 
of Mexico. 

Cenozoic rocks are widespread in Yucatan and west toward the Isthmus; 
also in southern Nicaragua and farther southeast. Eocene foraminifera were 
recognized as long ago as 1889 by Schwager in samples collected by Sapper 
from Guatemala. Both Middle and Upper Eocene formations have been 
recognized since in many different places. 

Beds of Oligocene age are also widely but locally distributed. Uplifts in 
the interior furnished coarse materials to the Oligocene seas, which neverthe- 
less spread very widely, particularly about the margins of the Gulf of Mexico. 
During the Miocene the Gulf withdrew to about its present limits. Beds of 
this age are not certainly known in Guatemala and Honduras, but are found 
in many places both north and south of these countries. A strong orogenic 
phase seems to have closed the Miocene. 

Pliocene marine strata with many fossils were recognized by Gabb at 
Puerto Limon in 1873, but are limited to a few small marginal areas. Non- 
marine deposits of either Pliocene or Pleistocene age occur inland in many 
places but the exact age is generally uncertain. 

Granite and other plutonic rocks of great but uncertain age occur in many 
places in the mountains of Guatemala and Honduras. In Costa Rica and 
Panama they are restricted to the central chain. Though few analyses exist 
nearly all the plutonic rocks seem to be of Pacific types. 

Older effusive rocks include quartz porphyry, porphyrite, and diabase. 
The last-mentioned type is particularly common in northeastern Nicaragua, 
where it carries gold-bearing pyrite. Younger effusives, as already explained, 
cover vast areas. Basalt and andesite are the commonest types. Tertiary 
volcanic activity is thought by Sonder to have embraced three phases: one 
probably late Eocene, a main phase in Miocene or Mio-Pliocene, and a 
Quaternary phase not yet extinct. 


III. Grotocic History 


Central America consists of three structural elements: (1) a northern 
area with varied rocks and complex structure, analogous to the Oaxaca 
region of southern Mexico; (2) at the south a volcanic belt in Salvador and 
Nicaragua, analogous to the Mexican volcanic belt located north of the 
Oaxaca element; (3) the north end of the westernmost Andean chain, com- | 
prising Panama and Costa Rica. 

The history of Central America is thus largely the history of the large 
northern element, lying more or less between two belts of active volcanoes. It 
is a sort of horst, constituting a separated southern element of North America 
and the southernmost element of Mexico. Burckhardt demonstrated that the 
Oaxaca area lay at the south or southwest margin of the Mesozoic Tethys 
that crossed Mexico from southeast to northwest. Discordant Lias and Dogger 
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plant beds and interbedded marine fingers in Oaxaca contrast strongly with 
the thick marine strata filled with ammonites in central Mexico. Tethys also 
crossed western Cuba but lay to the north of Guatemala, which has chiefly 
littoral or nonmarine Mesozoic strata. Similar conditions seem to have ex- 
isted during the Permian, as a matter of fact, and also later, in the Cretaceous. 
The center of the Antillean Tethys always seems to have lain north of Central 
America, or at least of the part where Mesozoic and older strata may now be 
observed. 

Figures 3, 4, and 5, showing the paleogeography of southern North Amer- 
ica in Upper Jurassic, Cretaceous (Cenomanian and Turonian) and Eocene 
time (Middle and Upper) furnish clear pictures of the conditions inferred by 
Sapper and Staub. These maps should be compared carefully with those of 
Burckhardt, Schuchert, and Muir. 

As a region marginal to Tethys, northern Central America was flooded 
only at the time of major transgressions—Permian, Upper Jurassic, Cretace- 
ous. The transgressions followed long periods of denudation and their deposits 
carry much clastic material, particularly in the basal beds, which are re- 
worked masses of terrestrial sediments. 

The older crystalline rocks may be pre-Cambrian, as noted already, but 
can not be proved to be older than Paleozoic. The Paleozoic strata of Central 
America are preserved in a narrow, down-faulted belt north of the crystalline 
area of Guatemala. It was clearly much broader originally than it is now. 
The oldest strata carry pebbles of crystalline rock. Their deposition followed 
an early folding phase and may have taken place during a warm moist period, 
since their color is reddish. The thick limestones of the Permian are preserved 
only locally in Guatemala and Chiapas. Their deposition was followed by 
renewed folding, probably with granitic intrusion. 

Jurassic conditions in Central America led to the deposition of coarse- 
grained strata with plant remains, much like those of Oaxaca: (Todos Santos 
beds). In the Isthmus of Tehuantepec beds of this age lie on salt, a suggestion 
of an early sinking in the isthmian region. During this epoch the Caribbean 
is thought to have continued westward to the Pacific across southern Central 
America. 

During the Cretaceous a seaway developed across the Oaxaca element. 
In Central America local and varied Lower Cretaceous deposits were suc- 
ceeded by thick and widespread Middle Cretaceous (Albian to Cenomanian) 
limestone, much of it with rudistids. Upper Cretaceous deposits, particularly 
Turonian, are also widespread in both northern and southern Central 
America, but their exact age and detailed characteristics are not well known. 

Folding phases (Laramide) at or near the end of the Cretaceous were 
accompanied by widespread uplift. During nearly the whole Tertiary there 
were straits at Panama and Nicaragua, but never at Tehuantepec.’ Middle 
and Upper Eocene, generally transgressive, occur in northern Central America 
(or southeastern Mexico) and also in Costa Rica and Panama. A land area 
existed between the two. According to Lohmann volcanoes were active before 
the end of the period. 

Oligocene time began with conglomeratic material, a suggestion of uplift 
in the interior districts. Ash is found in the Lower Oligocene of the Isthmus 
of Tehuantepec. The Gulf of Mexico was very large during the period. Oligo- 


3 On this point, however, see Schuchert, op. cit., pp. 327, 378, et cetera. 
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cene beds are found in Tabasco and adjacent provinces, and also, as near- 
shore strata that were folded soon after deposition, in Costa Rica and 
Panama. 

The Miocene saw a regression in eastern Mexico, but considerable areas 
remained submerged both in northern and southern Central America. The 
southern deposits are very rich in fossils. In Costa Rica Lohmann recognized 
two periods of Miocene folding. The one near the end of the Miocene is 
believed by Sapper to have been widespread and very important in bringing 
about present-day conditions. The salt intrusions of Tehuantepec are tenta- 
tively referred to this folding epoch. 

Marine Pliocene and Pleistocene strata are found locally near the present 
coasts. Terrestrial deposits are numerous in the interior but their exact age 
is generally uncertain. The later effusives are supposed to be mostly Pliocene 
but may be in large part later. Tectonically, post-Miocene time has been 
one of gentle uplifts and faulting rather than of intensive folding. 


HISTORY OF TECTONIC MOVEMENTS 


The ancient core of Central America was folded once, or more probably 
oftener, in pre-Permian time but the exact dates are not determinable. 
Permian strata were folded at the close of the Paleozoic, or at any rate before 
the Jurassic. 

The seas spread widely during Cretaceous time, but folding and regression 
took place at the end of the Senonian and also after Paleocene. Uppermost 
Eocene or Lower Oligocene folding caused uplift and a strong regression, 
and was accompanied by an outbreak of vulcanism. About the end of the 
Miocene came the orogeny that seems to have had most to do with giving 
the country its present structure and topography. 

Sapper gives much attention to the fairly recent uplift of great “blocks” 
and to the development of peneplains, terraces and other physiographic 
features. In the absence of good topographic maps there is, as the author 
points out, much uncertainty about the origin and nature of most such 
features. In spite of the interest of the remarks about “cenotes,”’ landslides, 
floods, weathering, and storms, I shall pass them by with only this reference. 


IV. OROGRAPHIC ELEMENTS 


Under this heading, Professor Sapper discusses the geologic details of the 
Yucatan Peninsula; Petén and the Maya Mountains; the Isthmus of Tehu- 
antepec; Chiapas and Tabasco; Guatemala, Salvador and West Honduras; 
East Honduras and Nicaragua; Costa Rica; and Panama. For most of these 
divisions he furnishes one of the excellent black-and-white geologic maps 
already mentioned. This section.and the accompanying maps are thus ob- 
viously the heart of the volume, but they must be studied by those interested 
in them. They can hardly be abstracted usefully. 


V. ImporTANT MINERALS AND SOILS 


At the time of the Conquest some Central American natives were in 
possession of mineral specimens that roused among the Spanish conquerors 
great interest and expectations that have in the main been poorly fulfilled. 

In 30 years, 1904-33, Nicaragua produced $24,000,000 in gold. In 1934 
all of Central America yielded 124,400 kilograms of silver. Minerals of copper, 
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lead, zinc, iron, manganese, and mercury all occur and some have been 
worked at different times and places, but none are very important at present. 

Among non-metals, the small production of petroleum from the salt 
domes of Tehuantepec is perhaps most important of all and may easily be- 
come more important as exploration continues. Brown coal is known but 
not worked, asphalt is found in small quantities, sulphur occurs in some 
volcanoes, marblé has been quarried, limestone is locally common and so, 
of course, is clay suitable for pottery and tiles. Rocks and structural materials 
are available in many places, but precious stones are practically limited to the 
opals of Honduras. Rock salt is known locally but not worked. Soils are the 
greatest mineral resource of the country and even they are commonly so 
thoroughly leached as to be surprisingly poor. In comparison with central 
and northern Mexico and with Colombia or Venezuela, Central America is 
in fact remarkably poor in minerals. In this respect it resembles the Antilles 
rather than adjoining parts of the mainland. 


VI. List oF PUBLICATIONS 


The list of publications, most of which may be presumed to be also avail- 
able in Schuchert’s Historical Geology of the Antillean-Caribbean Region, runs 
to 6 pages, and is followed by 6 pages of additions and corrections. A table of 
contents and the 10 maps complete the volume. Among the latter, it remains 
to mention Plate I, a sketch map showing the chief structure lines of Central 
America, and particularly Plate II, Dr. Staub’s tectonic map of Mexico and 
Central America, which includes the Antilles and northernmost South 
America. 

That Professor Sapper’s volume is indispensable to workers in Central 
American geology goes without saying. Its merits are numerous and of a kind 
to do great credit to the initiative and pioneering spirit of its author. Its 
deficiencies are merely those inevitable in any treatment of the geology of a 
region not yet mapped in detail either topographically or geologically. The 
unpretentious simplicity of the author’s style and his willingness to consider 
alternatives even to cherished and long-published conclusions of his own are 
both a source of pleasure and a reason for confidence in his conclusions. 


THE HIMALAYAN BORDER COMPARED WITH THE ALPS, 
BY ARNOLD HEIM 


REVIEW BY R. D. REED' 
Los Angeles, California 
“The Himalayan Border Compared with the Alps,” by Arnold Heim. 
Records Geol. Survey of India, Vol. 72, Pt. 4 (Calcutta, 1938), pp. 413-21; 
3 figs. 


Before the victory of the nappe theory geologists believed that the border 
formations of the Alps in eastern Switzerland constituted a reversed anticlinal 
series. The Oligocene Molasse conglomerate is commonly overlain by the 
Eocene Flysch with Nummulites, above which come the Cretaceous forma- 
tions of the Helvetic border zone, all dipping inward toward the center of 


1 Chief geologist, The Texas Company (California). Manuscript received, June 27, 
1939. 
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the Alps. After the nappe theory was adopted, the older idea seemed doubtful 
and new studies were thus in order. These soon led to the view that the Mo- 
lasse is not reversed. In 1906 Arnold Heim showed that the southern border 
of the Molasse is not a stratigraphic horizon, that it is very irregular, and in 
fact was eroded into hills and hollows before being overwhelmed by Flysch 
masses brought by thrusting from the south. He learned also that Helvetic 
faults die out before reaching the Molassic foreland. Later investigations by 
Baumberger, Buxtorf, and others have tended to confirm these views. 

An important corollary is that great Flysch lobes are found where erosion 
had produced hollows or lowland areas in the upraised Molasse masses. The 
greatest example in Switzerland is the lobe lying between the lakes of Thun 
and Geneva. 

That similar conditions might exist in the Himalayas seemed probable 
to Heim, who was able to begin an investigation in 1936. The present brief 
paper outlines the evidence leading him to believe that the Siwaliks were also 
uplifted and strongly eroded before being overthrust; and that pre-Siwalik 
thrust-lobes occur where hollows had been previously excavated in the Siwalik 
upland. 


KALEDONISCHE UND VARISZISCHE PROBLEME DER 
WESTSUDETEN, BY CHENG-SAN LEE, 
W. BLOCK, AND F. DAHLGRUN 


REVIEW BY R. D. REED' 
Los Angeles, California 

Geotektonische Forschungen, herausgegeben von H. Stille und Fr. Lotze, 
Heft 2, Kaledonische und variszische Probleme der Westsudeten. 106 pp. 
Gebriider Borntraeger, Berlin (1938). Price, RM 6.70, less 25 per cent 
on orders outside Germany. 

“Schichtenfolge und Bau der Oberlausitzer Schiefergebirges”’ (Stratigraphy 
and Structure of the Oberlausitz Slate Mountains), by Cheng-San Lee. 
2 pls., 24 text figs. 

“Das Altpaliozoikum des éstlichen Bober-Katzbachgebirges” (Old Paleozoic 
of the Eastern Bober-Katzbach Mountains), by W. Block. 1 pl., 7 text figs. 


“Bemerkungen zum kaledonischen Bau der Westsudeten” (Remarks on the 

Caledonian Structure of the West Sudeten), by F. Dahlgriin. 

The papers by Lee and Block are detailed discussions of the northernmost 
part of the Bohemian mountain rampart, near where the Sudeten Mountains 
(Riesengebirge and several others) swing sharply southwestward into the 
Erzgebirge. The localities are 40-50 miles, more or less, east of Dresden. In 
each district Cambrian, Ordovician, and Silurian strata were strongly folded 
at the time of the Caledonian orogeny, Devonian strata are missing, and 
Carboniferous strata were folded—along with the rocks they lie on—during 
one of the Variscan epochs. The Sudetic orogenic phase is suggested as likely 
for the Oberlausitz area. 

The figures accompanying these papers are good and the plates, which are 
colored geologic maps, are excellent. 


1 Chief geologist, The Texas Company (California). Manuscript received, June 27, 
1939. 
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Professor Dahlgriin’s brief statement is in the form of concluding re- 
marks, designed to make clear the bearing of Lee’s and Block’s investigations 
upon the major problems of the Caledonian structure of the West Sudeten. 
S. von Bubnoff’s Geologie von Europa has much excellent discussion of the 
same broad problem. 


ZUR GERMANOTYPEN TEKTONIK, BY G. SEIDEL, 
W. CARLE, AND F. LOTZE 


REVIEW BY R. D. REED!" 
Los Angeles, California 
Geotektonische Forschungen, herausgegeben von H. Stille und Fr. Lotze, Heft 3, 


Zur germanotypen Tektonik II. 84 pp. Gebriider Borntraeger, Berlin 
(1938). Price, RM 6.70, less 25 per cent on orders outside Germany. 


“Die Dislokationszonen zwischen Bonenburg und Volkmarsen’”’ (The Dis- 
location Zones between Bonenburg and Volkmarsen), by G. Seidel. 4 pls., 
17 text figs. 


“Die saxonische Tektonik westlich und nordwestlich des Harzes; Gittelder 
Graben und Lutterer Sattel” (Saxon-Type Tectonics West and North- 
west of the Harz; Graben of Gittelde and Lutter Anticline), by W. 
Carlé. 4 pls., 26 text figs. 


“Das Problem der ‘Saxonischen Faltung’” (The Problem of Saxon-Type 
Folding), by F. Lotze. 3 text figs. 


Like Heft 1, which was reviewed in the Bulletin for October, 1937, Heft 
3 deals chiefly with the curious evidences of tension found in those parts of 
Germany that were folded according to the Saxon (extra-Alpine) type. These 
papers may thus prove to be of historical interest in a great reversal of geo- 
logical opinion. It is in fact exceptionally curious that practically all present- 
day geologists believe—W. H. Bucher may almost be called the exception— 
and even a greater proportion of geologists in the period just past have 
believed, apparently without question, that the crust of the earth is always 
under greater or less compression, never except locally and accidentally under 
tension. That periods of widespread or worldwide tension may have existed 
seems to the reviewer and to Professor Bucher not only inherently likely 
“from the nature of things,” but also strongly indicated by historical and 
structural evidence. Our colleagues in structural geology have been all but 
completely certain of the opposite. Even Professor Stille once treated the 
evidences of tension as exceptional but further studies in his chosen type 
locality, the Teutoburger Wald and its environs, have brought to light so 
many exceptions as to constitute a new rule. In 1936, according to Lotze, 
Stille formally announced dissatisfaction with his former beliefs. Lotze was 
already dissatisfied, it seems, and so are Seidel and Carlé. The latter’s con- 
tribution, which describes a graben and a related anticline northwest of the 
Harz, is to the reviewer particularly interesting. All the contributions are 
well illustrated, though Lotze’s, being primarily a discussion and conclusion, 
lacks colored maps but contributes some interesting original data. 


1 Chief geologist, The Texas Company (California). Manuscript received, June 27, 
1939- 
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Lotze believes that “Saxonian folding” will prove to consist of adjust- 
ments between “blocks” at least in part. As he points out, this hypothesis 
necessitates a great deal of new work. And the new work, it may be, will 
modify the hypothesis considerably. 

In any event the trend toward a belief in periods not merely of relief 
from strong compression but of actual widespread tension is now operating 
strongly. In a generation or two it is likely that one of the great puzzles of 
geologic history will be why present-day geologists have chosen for so long 
either not to see the evidence or to explain it away by so many curious devices. 


GENERAL OUTLINE OF THE GEOLOGICAL HISTORY OF 
THE SOUTH AMERICAN CORDILLERA, BY H. GERTH 


REVIEW BY R. D. REED! 
Los Angeles, California 


Boletin de Geologia y Mineria, Vol. II, Nos. 2, 3, 4 (Venezuela Geological 
Survey, Caracas, April-July-October, 1938). Contains papers on the 
geology of Venezuela and Trinidad presented before the Second Venezu- 
elan Geological Congress, San Cristébal, April, 1938. Printed in Spanish 
and English editions. 272 pp. (English edition). Many figures and maps, 
some in color. 


Most of the papers in this bulletin are authoritative accounts of local 
stratigraphic, structural, and paleontologic details and problems concerning 
Venezuela and Trinidad. Probably all of them are important to the geologists 
of those countries and many are interesting and readable to those of us who 
live and work elsewhere. A list of the papers will be found in this Bulletin 
for June, 1939, Pp. 970. 

One paper, Professor H. Gerth’s “General Outline of the Geological 
History of the South American Cordillera,” is of such interest and importance 
as to deserve extended consideration here. 

During the late Paleozoic the old Brazilian Massif was bounded by 
mountains to southwest, west, and northwest (Gondwanids, Hercynian, or 
Variscan chains, more or less related in age to the old Appalachian folds of 
North America). The denudation of these mountains led to irregular sub- 
sidence in the area where they had stood and thus initiated the South Ameri- 
can Cordillera. The Paleozoic and Mesozoic stages in the history of the Cor- 
dillera are discussed in Professor Gerth’s fine synthesis in the series Geologie 
der Erde. The whole history of the Peruvian Andes as it was known in 1929 
is well told in G. Steinmann’s Geologie von Peru. Some of the later stages in 
the process are discussed interestingly in E. W. Berry’s “Tertiary Flora from 
the Rio Pichileufu, Argentina’? and in Iddings and Olsson’s well known 
study of the Peruvian oil fields.* Venezuelan and Colombian conditions, 


1 Chief geologist, The Texas Company (California). Manuscript received, June 27, 
1939. 


2 Geol. Soc. America Spec. Paper 12 (1938). 


* Arthur Iddings and A. A. Olsson, “Geology of Northwest Peru,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 12, No. 1 (January, 1928), pp. 1-39. 


3 
4 
4 
4 


REVIEWS AND NEW PUBLICATIONS 1421 


which are complex and somewhat uncertain in several respects, are discussed 
in the volume under review and its predecessor, in Liddle’s volume, and in 
other publications by such authorities as Hedberg, Kugler, and Senn. 

Since Professor Gerth’s complete account of post-Mesozoic rocks and 
events is still unavailable in the Geologie der Erde series, his contribution to 
the present bulletin, though short, is particularly welcome. The English 
translation is unfortunately marred by numerous typographical errors and 
even by a few curious-looking passages that the reviewer fails to understand. 
The present summary may therefore be misleading though not, it is hoped, 
in any essential respect. 

The old Paleozoic mountains are best known in the province of Buenos 
Aires and in the Argentine Pre-Cordillera. Farther north small remnants are 
known as far as Peru, where the old range apparently divided into two. One 
branch struck out into the Pacific, the other continued north and east to 
Colombia and Venezuela, where the ancient structures are preserved only 
as minute fragments. As the old Paleozoic mountains were destroyed a series 
of “blocks” foundered, with the outpouring of chiefly acidic lavas that differ 
strikingly from the later Andean igneous rocks. 

Into the sedimentary basin or basins thus formed the sea penetrated 
locally and briefly during the Trias, more definitely and broadly during Liassic 
and the later Mesozoic. Lower and Middle Jurassic beds are widespread but 
not universal in the Andes. As just now indicated, the Mesozoic Andean basin 
was rather a series of basins that cut obliquely from northwest to southeast 
across the present site of the range. The relatively small basin so well studied 
and described by Weaver in Neuquen, Mendoza, and farther west, is illustra- 
tive if not completely typical. Upper Liassic and Dogger strata in the central 
Andes are littoral toward the east, fine-grained and deep-water toward the 
west. Indo-Pacific faunal characters are outstanding, particularly in the 
Callovian. There is at present no evidence for these times dnd this area to 
prove that the sea was separated by land from the Pacific, though farther 
north and south a western land seems to have existed. In the Upper Jurassic, 
moreover, there was uplift toward the west even in the central Andes, ap- 
parently with the development of a volcanic ridge or island chain. The 
famous porphyrite conglomerate of Chile, which grades out eastward, has 
been a subject of great geological interest ever since Darwin’s time. The 
porphyrite cobbles are characteristically Andean and Pacific. 

During Oxfordian time gypsum was deposited widely in the central 
Andean basin. Tithonian time was marked by a renewed marine transgression 
that lasted into the Cretaceous. Just when the sea withdrew from the Andean 
basin is a difficult problem to which many answers have been given, possibly 
because the answer differs in different areas. Professor Weaver’s Neuquen 
basin was destroyed by strong east-west folding during Aptian time, but the 
site was again flooded, this time by an Atlantic gulf, probably in the Danian 
(Roca stage). Professor Gerth (p. 4) refers the withdrawal of the sea from the 
central Andean Sedimentary Basin to a time “toward the end of the Lower 
Cretaceous.”’ Steinmann dated his Peruvian orogeny and the sea withdrawal 
from Peru as approximately Coniacian, the evidence being that marine 
Coniacian fossils are widespread in the Peruvian Andes while marine fossils 
of later stages have not been found except adjacent to the present coast. 
Stille once referred the first folding and uplift of the Colombian Andes to his 
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sub-Hercynian orogenic phase, also approximately Coniacian. In Venezuela 
and Trinidad, on the other hand, the first folding of the Andes is very often 
stated to be Tertiary, and the Upper Cretaceous is said to be present in its 
entirety. This view must apparently be accepted as most probable in spite 
of the fact that these regions suffer from an alarming scarcity of definitely 
recognizable post-Coniacian Cretaceous marine fossils. Sometime during the 
Upper Cretaceous, in any event, the sea withdrew from the Andes, their 
central parts were more or less uplifted, and a vast area of red-bed deposition 
came into existence along their eastern margin. The beginning of this period 
in most areas was in the Coniacian or later, and thus definitely after the 
beginning of marine deposition during Albian time along the Atlantic coast. 
The red beds continued to be deposited, no doubt with local and temporary 
interruptions, until Pliocene time or later. That Tertiary deposition was 
interrupted by periods of strong folding in and adjacent to the Andes is 
certain. During one of these periods, probably Middle to Upper Miocene, 
vulcanism was rampant and many ore deposits were generated. Gerth states 
(p. 7) that the orogenic activity that initiated the first folds of eastern Colom- 
bia and Venezuela took place “during the Upper Eocene and again during 
the Oligocene ....”’ Upper Tertiary sedimentation was largely nonmarine 
and chiefly limited to intra-montane basins. The basins decreased in size as 
new folding movements occurred during these times. The Tertiary and later 
vulcanism of the Peruvian-Bolivian-Chilean area was largely absent from 
the northern Andes and also from Tierra del Fuego. From the evidence of an 
Oligocene ‘‘Patagonian sandstone” of marine character the Andes are con- 
sidered to be post-Oligocene west of Patagonia. The evidence of plant and 
mammalian fossils as summarized by Berry, Scott, and others, suggests 
fairly strongly that most of the uplift and much of the deformation (marginal 
warping and faulting) of the entire Andean region is post-Miocene or even 
post-Pliocene. 

Professor Gerth gives a brief statement of his conclusions concerning the 
relation of vulcanism to Andean uplift, and the reason he prefers for the 
present distribution of active volcanoes in the Andes. In general, it may be 
said that he assigns the folding of the central Andes directly to magmatic 
activity, but admits that something more like the causes ordinarily called 
upon for geosynclinal folding are probable for the more geosynclinal regions 
of “equatorial” trend near the northern and southern ends of the continent. 

On one point his conclusion is definite and important. 


We can deduce from our outline of the geological history of the Cordillera that 
a single geosyncline, corresponding in all its length to the present Cordillera, did not 
exist during any period. The mountain chain that borders the continent continuously 
in the north, west, and south is composed of the union of fragments of very different 
geological history. 


This conclusion, it is true, is not entirely new. Among others, Kossmat* 
insists upon it. Neither is it entirely surprising in view of what is known 
about oblique trends in such areas as the California Coast Ranges, Mexico, 
and Central America. The continuity of the Andes is, however, so great for 
so far as to make most interesting the search for a cause that could have 
produced such remarkable uniformity out of earlier diversity. 


4 F. Kossmat, Paldogeographie und Tektonik, p. 340 ff. Berlin (1936). 
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RECENT PUBLICATIONS 
APPALACHIANS 


*“Drainage Evolution in the Southern Appalachians,” by H. D. Thomp- 
son. Bull. Geol. Soc. America, Vol. 50, No. 8 (New York, August 1, 1939), 
PP. 1323-56; 7 figs. 

BRAZIL 


*“Contribution to the Geology of Petroleum in the Southwest of Mato 
Grosso,” by Glycon de Paiva and Viktor Leinz. Diviséo de Fomento de 
Produgéo Mineral Bol. 37 (Rio de Janeiro, 1939). 98 pp., 8 maps and sections, 
12 photographs. In Portuguese. Six-page summary in English. 


GENERAL 


Petroleum Production Engineering. Oil Field Exploitation, by Lester C. 
Uren. 2d ed. (1939). 756 pp., 386 figs., 37 tables. Cloth. 6.5Xo9.25 inches 
outside. McGraw-Hill Book Company, Inc., New York. Price, $6.00. 

*“Earthquakes and Oil Fields,” by Enrique Fossa-Mancini. Bol. Inform. 


Petrol., Vol. 16, No. 176 (Buenos Aires, Argentina, April, 1939), pp. 23-50; - 


11 figs. 

*Hebung-S paltung-Vulkanismus. Elemente einer geometrischen Analyse ird- 
ischer Grossformen, by Hans Cloos. Geol. Rundschau, Vol. 30, Zwischenheft 
4 A (1939). 527 pp., 6 pls., 60 figs. Extra issue on “Uplifting, Fracturing, 
Volcanism—Elements in a Geometric Analysis of Major Forms or Patterns 
of the Earth.” Ferdinand Enke Verlag, Stuttgart, Germany. Price, 3 marks. 

“A Monograph of the Foraminiferal Family Nonionidae,”’ by J. A. Cush- 
man. U. S. Geol. Survey Prof. Paper 191 (1939). 100 pp., 20 pls. Supt. of 
Documents, Govt. Printing Office, Washington, D. C. Price, $0.30. 


GREAT BRITAIN 


*“Search for Petroleum in Great Britain Continues,” by L. David Wosk- 
Oil and Gas Jour., Vol. 38, No. 10 (Tulsa, July 20, 1939), pp. 19-20; 1 map. 


GULF PROVINCE 


‘‘Notes on Fossils from the Eocene of the Gulf Province: I, The Annelid 
Genus Tubulostium, II, The Gastropod Families Cassididae, Ficidae, and 
Buccinidae,” by Julia Gardner. U. S. Geol. Survey Prof. Paper 193-B (1939), 
pp. 17-44, Pls. 6-8, Figs. 1-6. Supt. Documents, Govt. Printing Office, 
Washington, D. C. Price, $0.10. 


HUNGARY 


*“Oil Geology of the Inner Carpathian Basin System,” by Ludwig von 
Léczy. Petroleum Zeit., Vol. 35, No. 27 (Berlin, July 5, 1939), pp. 461-68; 
5 figs. In German. 


ILLINOIS 


Geologic Map of Illinois. Preliminary edition subject to revision, compiled 
by J. M. Weller with the assistance of other members of the staff of the Illinois 
Geol. Survey Division (Urbana, 1939). Scale, 8 miles per inch. Blue-line 
print, $0.50. Order from Map Agent, State Geological Survey, Urbana. 
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MINNESOTA 


*“St. Croixian Classification of Minnesota,’ by C. R. Stauffer, G. M. 
Schwartz, and G. A. Thiel. Bull. Geol. Soc. America, Vol. 50, No. 8 (New 
York, August 1, 1939), pp. 1227-44; 2 tables. 


NEBRASKA 


*“Classification of Tertiary System in Nebraska,” by A. L. Lugn. Bull. 
Geol. Soc. America, Vol. 50, No. 8 (New York, August 1, 1939), pp. 1245-76; 
1 pl. 

OHIO AND INDIANA 


*“A Petrographic Study of the Niagaran Rocks of Southwestern Ohio 
and Southeastern Indiana,” by Richard Randall Priddy, Jour. Geol., Vol. 
47, No. 5 (Chicago, July-August, 1939), pp. 489-502; 3 figs. 


OKLAHOMA 


*“Two Lower Paleozoic Groups, Arbuckle and Wichita Mountains, 
Oklahoma,” by C. E. Decker. Bull. Geol. Soc. America, Vol. 50, No. 8 (New 
York, August 1, 1939), pp. 1311-22; 1 table. 

Oil and Gas Fields of the State of Oklahoma, prepared by G. B. Richardson, 
assisted by Jane Hanna. Scale, 1:500,000 (1 inch=nearly 8 miles). 34x64 
inches. Director of the U. S. Geol. Survey, Washington, D. C. Price, $0.50. 


PENNSYLVANIA AND OHIO . 


“Some Linguloid Shells from the Late Devonian and Early Carboniferous 
Rocks of Pennsylvania and Ohio,” by G. H. Girty. U. S. Geol. Survey Prof. 
Paper 193-C (1939), pp. 47-67, Pl. 9. Supt. Documents, Govt. Printing 
Office, Washington, D. C. Price, $0.10. 


POLAND 


*“Devonian Brachiopods and Corals in the Vicinity of Pelcza in Vol- 
hynie,” by Alexander V. Kelus. Service Géol. Pologne, Inst. Géol. Pologne 
Bull. 8 (Warsaw, 1939). 51 pp., 3 pls., 41 text figs. In German. Polish in a 
special issue. 

*“The Silurian of Volhynie as Shown by a Well at Docianéwka,” by 
Zbigniew Sujkowski. Jbid., Bull. 12. 29 pp., 4 pls., 2 text figs. In French. 
Polish in a special issue. 


ROCKY MOUNTAIN REGION 


*“Structure of the Wasatch-Great Basin Region,” by A. J. Eardley. 
Bull. Geol. Soc. America, Vol. 50, No. 8 (New York, August 1, 1939), pp. 
1277-1310; 1 pl., 4 figs. 

SOUTH AMERICA 

Contributions to the Paleobotany of Middle and South America, by Edward 

W. Berry. Johns Hopkins University Studies in Geology, No. 13 (1939). 


Edward B. Mathews, editor. 168 pp., 3 figs., 23 pls. Johns Hopkins Press, 
Baltimore, Maryland. Price, $2.00. 
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TENNESSEE 

“Geology and Petroleum Resources of Clay County, Tennessee,’”’ by 
Kendall E. Born and H. B. Burwell. Tennessee Div. Geology Bull. 47 (1939). 
200 pp., 16 pls. and figs., 6 tables. State Geologist, 124 Eighth Avenue, North, 
Nashville. Price, $1.00. 

U.S.S.R. 

Trans. Soviet Section Internatl. Assoc. Study of Quaternary (INQUA), 
Fascicle IV (Leningrad and Moscow, 1939). A. A. Blokhine, editor-in-chief. 
160 pp., 55 articles. In Russian. Table of contents in Russian and French. 


SWEDEN 


*“On the Sequence of Strata in the Rhaetic-Liassic Beds of N W Scania,” 
by Gustaf T. Troedsson. Geol. Féren. Férhandl., Vol. 60, No. 3 (Stockholm, 
May-—October, 1938), pp. 507-18; 5 figs. In English. 


WYOMING 


*“Pennsylvanian Formations of Central Wyoming,” by C. C. Branson. 
Bull. Geol. Soc. America, Vol. 50, No. 8 (New York, August 1, 1939), pp. 
1199-1226; 3 pls., 2 figs. 


The Stevens Hotel, Chicago, where the twenty-fifth annual meeting of the 
Association will be held on April 10, 11, 12, 1940. 
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THE ASSOCIATION ROUND TABLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to the Executive Committee, Box 979, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 


John Weston Butler, Jr., Bogota, Colombia, S.A. 

Frank B. Notestein, Robert S. Breitenstein, R. F. Baker 
Edgar Hunter Clayton, Los Angeles, Calif. 

Ernest K. Parks, Charles R. Rider, C. E. Hyde 
Sidon Harris, Amarillo, Tex. 

Franklin H. Schouten, William J. Nolte, Garvin L. Taylor 
Arthur Fredrick Peterson, Bakersfield, Calif. 

Thomas K. Bowles, J. R. Dorrance, Glenn C. Ferguson 
Marcus Ayres Joseph Smith, Bogota, Colombia, S.A. 

Robert S. Breitenstein, Frank B. Notestein, Donald McArthur 


FOR ASSOCIATE MEMBERSHIP 


Alton Carl Christenson, Colorado Springs, Colo. 

Walter W. Larsh, R. J. Riggs, John G. Bartram 
John Benedict Klecker, Havana, Cuba 

K. L. Walter, Milton W. Lewis, Bradford Bishop 
William Lynn Kreidler, Olean, N.Y. 

Chester D. Whorton, Robert Cecil Lane, H. R. Van Gilder 
Curtis Fred Maxwell, Gladewater, Tex. 

Phil Montgomery, J. S. Hudnall, E. A. Wendlandt 
Harold Weston Robbins, Hobbs, N.Mex. 

E. F. Schramm, E. C. Reed, A. L. Lugn 
Roscoe Maurice Simpson, San Angelo, Tex. 

John W. Emch, Emil Ott, George D. Morgan 
Charles Henry Summerson, Springfield, Ill. 

F. W. DeWolf, A. H. Bell, Harold R. Wanless 


FOR TRANSFER TO ACTIVE MEMBERSHIP 


G. J. Loetterle, Tyler, Tex. 
A. C. Wright, E. B. Wilson, E. A. Wendlandt 
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SUPPLEMENTARY MEMBERSHIP LIST, SEPTEMBER 1, 1939 


Total additions since publication of list in March Bulletin. ...... 219 


\|Acheson, Cyrus Harold, Tropical Oil Co., El Centro, Colombia, S. A. 
||Afshar, Hadji, Khiaban Shahpur, Teheran, Iraz: 
Alagood, Robert H., Landreth Prod. Corp., 440 Nixon Bldg., Corpus Christi, Tex. 
| Allen, William Odis, Jr., 1331 E. Twenty-sixth St., Tulsa, Okla. 
Anderson, Oscar S., Jr., Big Four Petr. Co., Oilton, Okla. 
Arleth, Karl, Standard Oil Co., Los Angeles, Calif. 
Arnold, Lincoln Merchant, Geologic Standards Co., 321 S. Detroit, Tulsa, Okla. 
Ashley, Richard M., Arkansas Fuel Oil Co., Shreveport, La. 
Backman, John E., Gulf Res. & Dev. Co., Box 2038, Pittsburgh, Pa. 
Baldwin, Ben F., Stanolind Oil & Gas Co., Box 591, Tulsa, Okla. 
Barclay, Stewart, Geol. Dept., Phillips Petr. Co., Bartlesville, Okla. 
Barr, Kenneth William, Trinidad Leaseholds, Ltd., Pointe-a-Pierre, Trinidad, B. W. I. 
Beal, Carlton, Associated Oil Co., Ventura, Calif. 
Bemis, Harold C., Standard Oil Co. of Calif., Whittier, Calif. 
Bennett, Malcolm D., Jr., Continental Oil Co., Box 569, Lafayette, La. 
Bennett, Robert R., U. S. Geol. Survey, 300 Highway Bldg., Austin, Tex. 
Bierman, "Alfred inn consulting, go2 S. College Ave., Tyler, Tex. 
en William G. , c/o William M. Barret, Inc, Giddens-Lane Bldg., Shreveport, 


Seatined Stanley W., independent, Box 1575, Alice, Tex. 

\|Bleakley, Alfred B., Stanolind Oil & Gas ie Tulsa, Okla. 

Blouin, Cecil F., Navarro Oil Co., Alice, Tex. 

Bodkin, Hillard W.., Superior Oil Co., 1004 ‘Citizens Natl. Bank Bldg., Evansville, Ind. 
Breed, Edgar R., Jr., Shell Oil Co., Inc., Box 426, Evansville, Ind. 

Bristley, L. P., Gulf Res. & Dev. Co., Box 282, Liberty, Tex. 

Brodie, Gerson H., Fohs Oil Co., 923 Esperson Bldg., Houston, Tex. 

Brooks, Benton S., Shell Oil Co., Inc., Box 218, Great Bend, Kan. 

Brown, J. Albert, Kentucky Nat. Gas Co., Owensboro, Ky. 

Heese . Eric, The Ohio Oil Co., Marshall, Ill. 


Buck, Charles E., Rhodes, Iowa. 
Bundy, Douglas, c/o M. H. Whittier Co., Ltd., Los Angeles, Cal 
Frederick L., c/o DeGolyer & MacNaughton, Bldg., Dallas, 


||Burns, R. W., Union Oil Co. of Calif., Los Angeles, Calif. 
Burress, George Howard, 2511 Ramsey Tower, Oklahoma City, Okla. 
Campbell, Harry A., Jergins Oil Co., 1000 Jergins Trust Bldg., Long Beach, Calif. 
Carter, Charles William, Illinois Geol. Survey, Urbana, Ill. 
Chapman, M. E., Chemical Process Co. oy 322 Thompson Bldg., Tulsa, Okla. 
Clark, Everett Harden, The Texas Co., Box 2332, Houston, Tex. 
| Clark, J. Tate, Phillips Petr. Co., 722 ’ Nixon Bldg., Corpus Christi, Tex. 
Claus, Clyde R., c/o L, E. Cahill & Co., 914 World Bldg., Tulsa, Okla. 
Clement, Paul F., Western Gulf Oil Co., Box 1113, Bakersfield, Calif. 
Combs, Edward J., Sun Oil Co., Evansville, Ind. 
Conhaim, Howard 1638 E. Seventeenth Pl., Tulsa, Okla. 
Conway, W. P., Jr., Phillips Petr. Co., 525 Esperson Bldg. 7” Houston, Tex. 
Cooper, Robert P., 7o1 W. Twenty-third St., Austin, Tex. 
my ne C., Socony-Vacuum Oil Co., Aguas Claras, Puerto Wilches, Colombia, 


agg Lewis C., Indian Oil Concessions, Ltd., 2 Bath Island Rd., Karichi, India. 
w, L. M., Crow Drilling Co., 1411 Slattery Bldg., Shreveport, La. 

red edty Clarence Gordon, 2 522 Southmore Blvd., Houston, Tex. 

Davidson, J. P., Bridwell Oil Co., Alice, Tex. 

Davies, James Dudley, Shell Oil Co., Inc., Wichita, Kan. 

Davis, Clyde E., 639 N. Market, Shawnee, Okla. 

Davis, John R., "General Delivery, Midland, Tex. 

De —s Pavans, Compagnie Generale de Geophysique, 30 Rue Fabert, Paris VII 
France 
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deLaveaga, Miguel, Tide-Water Associated Oil Co., Bakersfield, Calif. 
Dexter, Laurence N., National Geophysical Co., Cuero, Tex. 

Dismukes, J. S., Humble Oil & Rfg. Co., Box 1331, Kingsville, Tex. 
Ditsworth, Glenn William, The Texas Co., Box 1007, Shawnee, Okla. 

Doan, R. L., Phillips Petr. Co., Bartlesville, Okla. 

Dorreen, J. M., New Zealand Petr. Co., Box 295, Gisborne, New Zealand 
Durham, John Wyatt, 1108 W. Fifty-third St., Seattle, Wash. 

Emmerich, Harry H., Magnolia Petr. Co., Box 239, Wichita Falls, Tex. 
English, Leon E., independent, Box 907, Midland, Tex. 

Fackler, John Henry, Caracas Petr. S. A., Apt. 89, Caracas, Venezuela, S. A. 
Ferber, Herbert J., Box 1113, Bakersfield, Calif. 

Ferguson, Carlos M., Box 786, Kermit, Tex. 

Fidlar, M. M., The Ohio Oil Co., Marshall, Ill. 

[Funkhous Donald A., Indian Oil Concessions, Ltd., 2 Bath Island Rd., Karachi, India 


Funkhouser, H. J., Mene Grande Oil Co., Apt. 45, Puerta La Cruz, Venezuela, S. A. 

ahagan, Donald I., Skelly Oil Co., 1301 Esperson Bldg., Houston, Tex. 

Gale, Arthur S., Jr., The Texas Co., Houston, Tex. 

Garber, Marshali West, Colombian Petr. Co., Cucuta, Colombia, S. A. 

Gardner, Edgar J., Bureau of Economic Geology, Austin, Tex. 

Gay, Andrew H., Grantland Prod. Co., 613 Pere Marquette Bldg., New Orleans, La 

Gentry, Albert William, Shell Oil Co., Inc., Box 290, awe Beach, Calif. 

Georgesen, Niels Christian, Tide- Water Associated O: il Co., Vincennes, Ind. 

\|Geyer, Robert L. , Seismograph Service Corp., 709 Kennedy Bldg., Tulsa, Okla. 

Giddings, H., The "Texas Co., Box 274, Roswell, N. Mex 

Gilluly, James, Univ. of Califorma, W. Los Angeles, Calif. 

Giltinan, George Murray, Seismograph Service Corp., Tulsa, Okla. 

Girdler, J. H., Box 1951, Houston, Tex. 

Given, Robert J., Dapar Oil Co., Alma, Mich. 

||Graves, Allan Dexter, Socony-Vacuum Oil Co., Scadfa, Monteria, Colombia, S. A. 

reen, George Gardiner, independent, 813 Ardis Bldg., Shreveport, La. 

\Haenke, M. Churchill, 721 S. Lorraine Blvd., Los Angeles, Calif. 

Hall, Thomas So. General Geophysical Co., 2 513-14 Gulf Bldg., Houston, Tex. 

Handley, Howard. W., Magnolia Petr. Co., Box 128, Mattoon, ill. 

Harbison, Robert R., 1705 Fairmount, Wichita, Kan. 

Hardin, Clifford G., Mene Grande Oil Co., Apt. 35, Ciudad Bolivar, Venezuela, S. A 

Hardin, V. &.. Scout Oil Corp., 226 Ward Bidg., Shreveport, La. 

\|Hardy, William McCombs, Box 115, Scottsville, Ky. 

Harris, R. W., Dept. of Geology, Oklahoma Univ., Norman, Okla. 

Hart, Raymond M., Carter Oil Co., Mattoon, il. 

Hawes, Julian, 1836 Norfolk, Houston, Tex. 

Headington, Clare W., 5036 ‘Airline Rd., Dallas, Tex. 

Henderson, John D., Lion Oil Refg. Co., El Dorado, Ark. 

Holmer, Raiph CG. B. O. D. Co., Ltd., Ramadi, Iraq 

Hotchkiss, Henry, Geol. Dept., Traq. ’ Petr. Co., Ltd., City Gate House, Finsbury 
Square, London, E. C. 2, Englan 

Howard, Paul J., chief appraisal engineer, Kern County, Bakersfield, Calif. 

Hubley, Myron D., Stanolind Oil & Gas Co., Shawnee, Okla. 

Hudson, W. T., The California Co., Box 288, Alexandria, La. 

Hughes, Richard J., c/o U. S. Engineers, Denison, Tex. 

Hunt, Leo Frank, R. R. #2, Box 68, Leigh, Neb. 

Jensen, Frederick T., W. C. McBnde, Inc., Centralia, Ill. 

a ~~ D., c/o John G. Bartram, Stanolind Oil & Gas Co., 308 Philcade Bldg., 


||Johnson, Holger Olin, — Petr. Co., Abilene, Tex. 

Johnson, Walter, Adams Oil & Gas Co., Box 352, Centralia, Ill. 

ian John Percy, Arkansas Fuel Oil Co., Box 490, McAllen, Tex. 

—* Dale D., Standard Oil Co. of Venezuela, Apt. 1329, Caracas, Venezuela, 


Kirk, Charles T., 323 Ritz Bldg., c/o 319 Ritz Bldg., Tulsa, Okla. 
[si Wilho J., 510 Ivinson Ave. , Laramie, Wyo. 
Harold J. Oil Tulsa, Okla. 
mbein, William pt. o Geology, Univ. of Chicago, Chicago, Ill. 
Kyle, Jerry R., Carter Oil Co., Bismark. N. D. ‘ 
e, James L. Subterrex, 321 Esperson Bldg., Houston, Tex. 
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Lane, C. W., Pure Oil Co., Tulsa, Okla. 
«~ N. T. Petroleum Development (Qatar) Ltd., Manama, Bahrein Island 
Persian 


||Latimer, F. Hubert, Sun Oil Co., Evansville, Ind. 
Lenahan, Tom, Halliburton Oil Well Cementing Co., 1212 Union Natl. Bank Bldg., 
Wichita, Kan. 
||Loehr, Harry C., Jr., 1415 Ocean Drive, Apt. C, Corpus Christi, Tex. 
Love, John David, Shell Oil Co., Inc., Box 476, Centralia, Ill. 
||Lozo, Frank E., Jr., Geol. Dept., Texas Christian Univ., Fort Worth, Tex. 
Mackay, Donald K., consulting, 601 Natl. Standard Bldg. ., Houston, Tex. 
Madera, Ruford F, Texas Technological College, 126 Horn Hall, Lubbock, Tex. 
Marshall, Lester R., ’ Continental Oil Co., Box 569, Lafayette, La. 
Martin, john Charles, Jr., 4203 Dodge St., Omaha, Neb. 
Martin, P. M., Continental Oil Co., Box 1800, Wichita Falls, Tex. 
Mathews, John W., Western Geophysical Co., Bakersfield, Calif. 
\|Maxwell, John Crawford, Sun Oil Co., Beaumont, Tex. 
McCune, Paul, c/o McCune & Michaels, Burk Burnett Bldg. % Fort Worth, Tex. 
||McDaniel, Fred, I. T. I. O. Co., Box 4577, Oklahoma City, Okla. 
McGovney, Paul E., Honolulu Oil Corp., Rm. 19, Kern County Land Co. Bldg., 
Bakersfield, Calif. 
McNeil, Harold E., Derby Oil Co., Wichita, Kan. 
\|Mead, Roy G., jr. Mohawk Petr. Corp., Box 1476, Bakersfield, Calif. 
Miller, Arthur K., Univ. of Iowa, Iowa City, Iowa 
Miller, Vincent, Phillips Petr. Co., 106 Research Bldg., Bartlesville, Okla. 
Miller, William Dana, Room 2704, 120 Broadway, New York, N. Y. 
||Minkofsky, Anna, Shell Oil Co., Inc., Box 1347, Shreveport, La. 
Mintrop, L., Barkhovenallee 36, Essen-Werden, Germany 
||Mohler, C. Edwin, 2106 Fifteenth St., Moline, Ill. 
Mohler, Donald P., Humble Oil & Refg., Box 582, Pampa, Tex. 
Moore, Marion J., Transwestern Oil Co., San Antonio, Tex. 
Morris, James L., Pure Oil Co., Box 311, Olney, Il. 
Morris, Lawrence K., United Geophysical Co., 169 N. Hill Ave., Pasadena, Calif. 
Munro, James H. , Phillips Petr. Co., Ismay, Mont. 
Thomas Jr., The California Co., 810 U. S. Natl. Bank Denver, 


Newfarmer, Leo R., Shell Oil Co., Inc., Box 2099, Houston, Tex. 

||Nolte, Claude B., ‘Chanslor-Canfield-Midway Oil Co., Box H, Fellows, Calif. 
Oles, L. M., Sinclair Prarie Oil & Gas Co., Box 1242, Amarillo, Tex. 

Oliver, Graydon, consulting, 215 W. Seventh St., Los Angeles, Calif. 

Orchard, Paul Joseph, Continental Oil Co., Lafayette, La. 

Orr, Mark L., Barnsdall Oil Co., Alexandria, La. 

Osgood, Manley, Jr., Basin Oil Co., 205 Bearinger Bldg., Saginaw, Mich. 
Owens, H. J., Geol. Dept., Phillips Petr. Co., Bartlesville, Okla. 

Parhiala, Leimo I. bp aa Smith St., Gardner, Mass. 

Paterson, Robert, Box 612, Beloit, Kan. 

Pertusio, Serge M., Columbian Carbon Co., New York, N. Y. 

Peterson, M. A., Union Prod. Co., Shreveport, La. 

Petrick, Glen, Stanolind Oil & Gas Co., Box 3092, Houston, Tex. 

Phillips, Ross M., 820 Kennedy Bldg., Tulsa, Okla. 

Pickett, E. S., Union Oil Co. of Calif., Los Angeles, Calif. 

Pintea, Michael, Jr., Lago Petr. Corp., Apt. 172, Maracaibo, Venezuela, S. A. 
Randall, Duane C., Carter Oil Co., St. Elmo, Ill. 

Ray, Bernerd A., Tide-Water Associated Oil Co., Box 1385, Midland, Tex. 
Reagor, Edward C., Geophysical Service, Inc., Dallas, Tex. 

Reed, Irvin John, Standard Oil Co., Box 1200, Bakersfield, Calif. 

Reedy, Milton Frank, Jr., Coronado Corp., Dallas, Tex. 

Refshauge, B. C., Lago Petr. Corp., Apt. 172, Maracaibo, Venezuela, S. A. 
Reid, William McC., Humble Oil & Refg. Co., Box 711, Corpus Christi, Tex. 
Reynolds, Sargent M., The Texas Co., Room 3, Hippodrome Bldg., Taft, Calif. 
Rice, Elmer M., 115 Rowland Drive, Tyler, Tex. 

Riise, J. A., Jr., Phillips Petr. Co., Great Bend, Kan. 

Ritzius, D. E., Continental Oil Co., Los Angeles, Calif. 

Rudolph, Paul Jackson, Petty Geophysical Co., Box 500, Norman, Okla. 
\|Sawyer, Joseph Herbert, Lago Petr. Corp., Apt. 172, Maracaibo, Venezuela, S. A. 
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Scholl, Guy J., Panhandle Bldg., Wichita Falls, Tex. 
\|Schroeder, Kingsley V., Sun Oil Co., Box 2831, Beaumont, Tex. 
Schweers, Richard Henry, The Texas Co., Box 1720, Fort Worth, Tex. 
||Scrafford, John Bruce, Navarro Oil Co., Box 251, Alice, Tex. 
Scrogin, John M. , Pearscro Royalties Co., Houston, Tex. 
Sellin, H. A., Magnolia Petr. Co., Box 128, Mattoon, Ill. 
Sheldon, Dean H., Union Oil Co. of Calif, Los Angeles, Calif. 
Sherwin, Melville 'W., Sun Oil Co., Evansville, Ind. 
Shoemaker, R. W., The Ohio Oil Co., Bakersfield, Calif. 
Sielaff, Robert L. , Sinclair Wyoming Oil Co., Box 1809, Casper, Wyo 
Simmons, Benjamin Titus, Standard Oil Co. of Venezuela, Caripito, Venezuela, S. A. 
Simonson, Russell R., Union Oil Co. of Calif., Taft, Calif. 
Singer, Alex, 825 W. Thirty-ninth St., Oklahoma City, Okla. 
Smith, Edwin S., Jr., consulting, Box 1682, Vernon, Tex. 
Smith, Eugene W., Republic Nat. Gas Co., 1 $05 Federal St., Dallas, Tex. 
Smith, J. P., Shell Oil Co., Inc., Weatherford, T: 
\|Smith, Neal te Standard Oil Co. of Texas, Bellville, T 
Smoots, John P, Standard Oil Co., 1717 Midland Bldg, a_i Ohio 
\|Storey, Joseph B., Union Prod. Co., Hattiesburg, Miss. 
Stratton, Everett F., Schlumberger Well Surveying Corp., Box 491, Mattoon, Il. 
Taylor, M. Hall, Dept. of Geology, Columbia Univ., New York, N. Y. 
Taylor, Surce John, University Lands, Box 1663, Midland, Tex. 
Thomsen, Erik, Western Geophysical Co., 409 Professional Bldg., Bakersfield, Calif. 
Thomsen, Harry L., Shell Oil Co., Inc., 1008 W. Sixth St., ad mn Calif 
Toomey, Eugene James, Geophysical Service, Inc., Dallas, T 
Travis, J. J., Barnsdall Oil Co., Victoria, Tex. 
Tripp, R. Maurice, Geotechnical Corp. ., 1702 Tower Petroleum Bldg., Dallas, Tex. 
Tyler, H. Johnson, 415 W. Thomas St., Rome, N. Y. 
Umbach, Paul H., Yellowstone Natl. Park, Wyo. 
Urbom, Oscar William , c/o David M. Fuller, consulting, 605 Second Natl. Bank Bldg., 
Houston, Tex. 
|| Von Osinski, William, Pure Oil Co., Box 271, Tulsa, Okla 
Wallace, Davis M., consulting, 2016 Second Natl. Bank Bldg. ., Houston, Tex. 
Wallace, William Edwin, Jr., instructor, Centenary te Shreveport, La. 
eae ‘Dwight E., Carter Oil Co., Box 271, Cormi, IIl 
Warne, Archer H., Richfield Oil! Corp. op 322 Professional Bldg., Bakersfield, Calif. 
West, Lloyd G., Seaboard Oil Co., Nixon Bldg., Corpus Christi, Tex 
Iwi James G., Humble Oil & Refg. Co., 909 Humble Bldg., Houston, Tex. 
Whittinghill, Frank Thomas, Jr., Lion Oil’ Refg. Co., 204 Rugby Bldg., Owensboro, 


fects T. P., Dept. of Conservation, Baton Rouge, La. 


Word, McGehee, Navarro Oil Co., Box 1348, Alice, Tex. 
yszynski, O. W. T., Pionier Oil Co., Lwow, Poland 
Yarborough, Hunter, Jr., 2813} Rio ‘Grande St., Austin, Tex. 
\|Zadik, J. W., Preston Hollow, Rt. 5, Dallas, Tex. 

\|Zinke, E. C., Fohs Oil Co., Box 168, Houma, La. 


PERMIAN SUB-COMMITTEE OF THE COMMITTEE ON 
GEOLOGIC NAMES AND CORRELATIONS | 
JOHN -G. BARTRAM! 
Tulsa, Oklahoma 
At its annual meeting during the Oklahoma City convention in March, 

1939, the committee on geologic names and correlations considered the many 
discussions of Permian nomenclature and the demands that had been made 
that the committee agree on and publish a standard section of the Permian 
for the United States. It was decided that the matter needed further study 
and it was voted “that the chairman appoint a sub-committee, of members 
of this committee, including men that know West Texas, to prepare a digest 
and recommendations for the classification and nomenclature of Permian 


1 Chairman, committee on geologic names and correlations. 
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rocks of the United States; that this sub-committee should invite the collab- 
oration of the Association’s research committee and the Permian committee 
of the National Research Council; and that the report of the sub-committee 
should be published in the Bulletin.” 

After the full committee had been appointed by the incoming president 
of the Association, the writer as chairman appointed to the sub-committee 
C. W. Tomlinson, chairman, J. E. Adams, M. G. Cheney, R. H. Dott, and 
R. C. Moore. The committee on geologic names and correlations consists of 
men who cover all areas where petroleum geologists work and who are familiar 
with rocks of all periods; therefore, there are not five Permian specialists on 
the committee, and the Permian sub-committee consists of those members 
who are most familiar with the problem. 

The sub-committee has been at work 3 months and in addition to much 
correspondence has held one meeting at Fort Worth, which was attended by 
R. K. DeFord, editor of the proposed Permian symposium volume. They have 
prepared a preliminary report that has been distributed to many geologists 
known to be interested in the problem and to all local geologic societies. 
Additional copies can be obtained from C. W. Tomlinson, Simpson Building, 
Ardmore, Oklahoma. They have invited criticism and full discussion of the 
preliminary report so that it can be revised and corrected, if necessary, before 
final publication. They now believe that a standard section can be adopted 
for the Permian of West Texas and southeastern New Mexico, but they are 
not proposing correlations in other areas. If a standard section is adopted, 
then the geologists who are most familiar with the Permian of Oklahoma, 
Kansas, and other areas will be urged to correlate their formations with 
it. The suggested standard section is the one prepared and recommended 
by many geologists of the West Texas area. 


SIXTEENTH ANNUAL MEETING, PACIFIC SECTION, LOS ANGELES 
NOVEMBER 9-10, 1939 


The sixteenth annual meeting of the Pacific Section of the Association will 
be held, November 9 and 1o, at the Ambassador Hotel, Los Angeles, Cali- 
fornia. At the general session on the oth there will be an address by Associa- 
tion president Henry A. Ley, of San Antonio, Texas; a paper on “Soil Analy- 
sis,” by E. E. Rosaire, of Houston, Texas; a paper on “Heavy Minerals”; 
a paper on “Present Ocean-Bottom Deposits,” from the Scripps Institution 
of Oceanography; papers from the University of California and the University 
of Southern California; and a discussion of “Core Analysis.” There will be 
a noon luncheon with a speaker. On November 10, there will be a symposium 
on “Recent Developments,” and a symposium on “The Eocene,” and the 
annual business meeting. A dinner dance will be held that night and every- 
body will go to the Stanford-University of Southern California football game 
the following day. Albert Gregersen, of The Texas Company, Los Angeles, is 
in charge of the program and E. J. Bartosh, of the Bankline Oil Company, Los 
Angeles, is in charge of general arrangements. Roy M. Barnes and H. D. 
Hobson, both of the Continental Oil Company, are president and secretary- 
treasurer, respectively, of the Pacific Section. , 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


Henry A. Ley, chairman, Southern Cross Oil Company, San Antonio, Texas 
Ep. W. Owen, secretary, L. H. Wentz (Oil Division), San Antonio, Texas 
Donatp C. Barton (deceased, July 8, 1939) 

L. Murray Neumann, Carter Oil Company, Tulsa, Oklahoma 

W. A. Ver Wiese, University of Wichita, Wichita, Kansas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


Freperic H. LAwEE (1940) 


FINANCE COMMITTEE 
E. DeGoryver (1940) Wattace E. Pratr (1941) W. B. Heroy (1942) 


TRUSTEES OF REVOLVING PUBLICATION FUND 
D. REED (1940) GrorcE S. BUCHANAN (1941) Firoyp MILLer (1942) 


TRUSTEES OF RESEARCH FUND 
Sam M. Aronson (1940) Artuur A. BAKER (1941) WALTER R. BERGER (1942) 


BUSINESS COMMITTEE 


L. C. Moran (1940), chairman, 358 North Dellrose, Wichita, Kansas 
E. O. MarKHAM (1940), vice-chairman, Carter Oil Company, Tulsa, Oklahoma 


C. C. ANDERSON (1940) H. L. Driver (1941) Vircit PETTIGREW (1940) 
H. K. ARMSTRONG Devaar R. (1941) Paut H. Price (1941) 
A. A. BAKER (1940) H. M. Hunter (1941) Gaye Scott (1940) 
W. A. Baker (1939) G. M. KNEBEL {roan} H. B. STENZEL (1940) 
E. J. Bartosx (1940) Henry A. Ley (1941 W. T. Txom, JR. (1941) 
N. Woop Bass (1941) P. W. McFartanp (1940) W. C. THompson (1940) 
A. H. Bett (1941) C. (1941) C. W. Tomiinson (1941) 
(ne Best (1941) C. L. Moopy (1941) W. A. VER WIEBE (1940) 
D. CarTwriGHT (1941) L. M. NEUMANN (1940) E. B. WiLson (1941) 
+ DANIELs (1941) H. H. Nowtan (1941) W. B. WILson (1940) 
K. DeForp (1941) Ep. W. OwEN (1940) Rosert H. Woop (1941) 
C. E. Dosstn (1941) . C. E. YAGER (1941) 
MEMBERS-AT-LARGE 
Paut L. Appiin (1940) J. V. HOWELL (1940) Joun L. (1940) 


A. R. Dentson (1940) Max L. KrvEGER (1940) 


REPRESENTATIVE TO MINNEAPOLIS MEETING 
GEOLOGICAL SOCIETY OF AMERICA 


R. S. Knappen, Gulf Oil Corporation, Tulsa, Oklahoma 
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ASSOCIATION COMMITTEES 
COMMITTEE FOR PUBLICATION 
R. E. REtTTGER (1942), chairman, Sun Oil Company, Dallas, Texas 


1940 1941 1942 
Cart C. AppIson Tuomas H. ALLAN Cuartes G. CARLSON 
C. I. ALEXANDER T. C. CraiG James Terry Duce 
GrorGE R. Downs A. B. Gross D. HunTER 
Harotp W. Hoors Rosert F. Imst Lewis W.McNavuGHTON 
J. HARLAN JOHNSON J. T. RicHarps James L. Tatum 
A. M. Lioyp J. Marvin WELLER Frep H. Wiicox 


JosEerH J. 
GraHam B. Moopy 


RESEARCH COMMITTEE 
A. I. LEvorsEN (1942), chairman, 221 Woodward Boulevard, Tulsa, Oklahoma 


1940 1942 
Howarp S. BRYANT E. Wayne GALLIHER N. Woop Bass 
W. C. KrumMsBEIN W. S. W. Kew Monroe G. CHENEY 
EuGENE McDErRmotTT OHN C, MILLER Ronatp K. DeForp 
C. V. . Perry Wrntsrop P. Haynes 
GAYLE Scott BEN H. PARKER Ross L. HEATON 
E. H. SELLARDS WENDELL P. RAND Beta HusBARD 
THERON WASSON F. W. RoLsHAUSEN T. E. 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. BARTRAM (1942), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1940 1941 1942 

K. CocHran Monroe G. CHENEY Joun E. ADAMS 
GLENN S. DILLE Rosert H. Dorr GeEntrRy Kipp 
BENJAMIN F, HaKE Haron N. Hickey Hucu D. Miser 

R. M. KLeEInPELL MERLE C. ISRAELSKY Raymonp C. Moore 
C. W. TomMLINnson Wa ter K. Linx 


PERMIAN SUB-COMMITTEE 
C. W. Tomitnson (1940), chairman, 509 Simpson Building, Ardmore, Oklahoma 


1941 1942 
Monroe G. CHENEY Joun E. Apams 
Rosert H. Dorr Raymonp C. Moore 


COMMITTEE ON APPLICATIONS OF GEOLOGY 


CarROLt E. Dossin (1942), chairman, U. S. Geological Survey, 224 Custom House, 
Denver, Colorado 
J. CLARENCE KARCHER (1942), ag aamening geophysics, 406 Continental 
a Texas 
Carey CRONEIS (1942), clodaan representing paleontology, Walker Museum, 
University of Chicago, Chicago, Illinois 


1940 1941 1942 
H. N. McQueen Hat P. BysBee LutHER E. KENNEDY 
B. B. WEATHERBY Henry C. Cortes Eart A. TRAGER 


E, E. RosArrRE 
Haroip W. Hoors 
COMMITTEE STUDYING METHODS OF ELECTING OFFICERS 
WaLTER R. BERGER, chairman, Trinity Building, Fort Worth, Texas 
R. M. Barnes A. R. DENISON C. E. Dossy 
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RESEARCH NOTES 


SYMPOSIUM OF STRATIGRAPHIC TYPE OIL FIELDS 


A. I. LEVORSEN?* 
Tulsa, Oklahoma 


The editorial organization is complete for the special volume consisting 
of approximately 50 oil-field descriptions to be published by the Association 
through the use of the revolving publication fund. This symposium was 
recommended to the Association by the research committee at the Oklahoma 
City meeting and was there approved by the executive committee. 

The fields to be described are those in which (1) sedimentary processes 
such as variations in porosity, permeability, and lithology, (2) lensing, 
(3) shore-line phenomena, and (4) various lateral gradations are dominant 
in the accumulation and geological environment of the oil field. Thus the 
emphasis is to be on fields of the stratigraphic type rather than on the pre- 
dominantly structural accumulations. However, the description of each field 
is to be complete in that all of the elements of structure, stratigraphy, and 
oil-field development are to be discussed. It is hoped that this symposium 
of stratigraphic type fields will become a background for Jater philosophic 
studies in a manner similar to that in which our two Structure volumes? 
served as a basis for the later Problems volume.* 

The proposed volume is to consist of essentially unpublished new material 
although the editorial committtee may elect to include a few of the more 
important stratigraphic fields which have been described in some of our 
earlier bulletins. 

The soliciting of articles and the editorial work involved in the publication 
is in the hands of the following editorial board. 

D. Perry Oxcott, Humble Oil and Refining Company, Houston, Texas 
South Mid-Continent (south of Red River) and Gulf Coast 
Approximately 20 oil fields to be described 

N. W. Bass, U. S. Geological Survey, Tulsa, Oklahoma 
North Mid-Continent (north of Red River) 
Approximately ro oil fields to be described 

THERON Wasson, Pure Oil Company, Chicago, Illinois 
Eastern states (east of Mississippi River) 
Approximately ro oil fields to be described 

Ross L. Heaton, Denver, Colorado 

ocky Mountain states 

Approximately 5 oil fields to be described 

W. S. W. Kew, Standard Oil Company, Los Angeles, California 


California 
Approximately 5 oil fields to be described 


Anyone with ideas or suggestions as to material suitable for this sympo- 
sium is cordially invited to communicate with any member of the editorial 
board or with the chairman of the research committee. 


1 Chairman, research committee. 

2 Structure of Typical American Oil Fields, Vols. 1 and 2 (Amer. Assoc. Petrol. Geol., 
1929), 1290 pp. 
8 Problems of Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), 1073 Pp. 
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TECTONIC MAP OF THE UNITED STATES 


A. I. LEVORSEN! 
Tulsa, Oklahoma 


Following the recommendation of the research committee, the executive 
committee has appropriated $300.00 to be used to defray the drafting ex- 
pense necessary to the preparation of a preliminary assembly of the tectonic 
map of the United States. Parts of this map were the subject of the evening 
discussion of the research committee at the Oklahoma City meeting last 
March. 

The preparation of a tectonic map of the United States has been one of 
the projects of the Division of Geology and Geography of the National Re- 
search Council under the chairmanship of Chester R. Longwell. The material 
is now nearly complete and the preliminary assembly which this appropria- 
tion makes possible will offer a large number of interested persons the oppor- 
tunity of making corrections and suggestions prior to the final engraving and 
printing. The drafting of the preliminary assembly is to be under the super- 
vision of George W. Stose of the United States Geological Survey in Wash- 
ington. 


SURVEY OF COLLEGES ATTENDED BY MEMBERS AND 
ASSOCIATES OF THE ASSOCIATION 


CORRECTION 


The University of Illinois was inadvertently omitted in the list of ‘20 
Highest Ranking Colleges in Number of Undergraduates,” in Table III, page 
1122, of the Bulletin, Vol. 23, No. 7 (July, 1939). Illinois should have been 
listed as No. 17 with 42 undergraduates who have become A.A.P.G. members 
or associates. Also, Illinois should have been listed as No. 19 in Table V, 
“20 Highest Ranking Colleges in Total Number of Undergraduates and 
Graduates,” with a total of 76 who have joined the A.A.P.G. 


1 Chairman, research committee. 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


A.I.M.E. Petroleum Division Meetings will be held at Galveston, Texas, 
October 5-7, and at Los Angeles, California, October 19-20. 


Ira A. BRINKERHOFF has moved from San Antonio to become district 
geologist for the Stanolind Oil and Gas Company at Houston, Texas, succeed- 
ing R. A. WEINGARTNER, who is now special assignment geologist. 


R. B. NEwcomBE has changed his address to 901 North Otillia, S. E., 
Grand Rapids, Michigan, whence he will continue to carry on his consulting 
practice. 


W. A. Tuomas, recently engaged in consulting work in Michigan, is 
division geologist for the Ohio Oil Company at Mount Pleasant, Michigan. 


C. L. Monr, geologist with the Indian Territory Illuminating Oil Com- 
pany, recently stationed at Stephenville, Texas, is now at 4136 Pershing 
Street, Fort Worth, Texas. 


FRANK A. HERALD, in charge of the Tulsa, Oklahoma, office of the Securi- 
ties and Exchange Commission, oil and gas section, resigned, effective August 
15. WALTER E. HoprPer has moved from Washington, D. C., to take charge 
of the Tulsa office. 


W. A. Tarr, professor of geology for many years at the University of 
Missouri, died at Columbia, Missouri, July 28, at the age of 58 years. 


R. T. STOTLER, a recent graduate of the department of geology, Princeton 
University, is working for the Sinclair Prairie Oil Company at Chickasha, 
Oklahoma. 


N. H. Darton, accompanied by Mrs. Darton, is spending the summer in 
central Europe, and hopes before returning to be able to read proofs of his 
several contributions to the American volume of the Geology of the Earth now 
in press in Berlin. On his return to Washington in September, he will resume 
his investigations of the structure of part of the Atlantic Coastal Plain. 


E. G. DAHLGREN, formerly in the conservation department of the Kansas 
Corporation Commission at Wichita, is now with the Securities and Exchange 
Commission, oil and gas section, at Washington, D. C. 


ALFRED HARKER, emeritus reader in petrology at the University of Cam- 
bridge, died on July 29, at the age of 80 years. 


Grorce Y. McCoy, for the past year an instructor in the department of 
petroleum engineering at the University of Texas, is valuation engineer with 
the Republic National Bank of Dallas, Texas. 


Cecit B. Reap, of the University of Wichita, has a discussion, ‘‘Centers 
of Population of Learned Groups,” in Science of July 21, pp. 61-63. Ok- 
lahoma City, the center of population of the A.A.P.G., is the farthest 
west of the twelve groups shown in his tabulation. The center of the Geo- 
logical Society of America is Indianapolis. 
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WitFrep B. Tapper, who received the degree of M.Sc. in geology from 
the State University of Iowa this year, is employed by the Halliburton Oil 
Well Cementing Company. 


F. J. Scnempr, of the Stanolind Oil and Gas Company, has been trans- 
ferred from Tyler to Midland, Texas. He is succeeded as secretary-treasurer 
of the East Texas Geological Society by FRANK R. DENTON. 


Victor OPPENHEIM has been transferred from the Anglo-Saxon Petroleum 
in Quito, Ecuador, to the Cia Shell de Colombia, Apartado 114, Bogota, 
Colombia. 


W. D. NEIeEr, formerly with the General Geophysical Company, is now 
employed by the Ohio Oil Company. His address is Box 205, Leavenworth, 
Kansas. 


Joun M. Nisset has returned to Bartlesville, Oklahoma, as manager of 
the land and geological work of the Cities Service Oil Company. His address 
is 705 Masonic-Empire Building. 


KENNETH L. Gow, formerly district geologist for the Superior Oil Com- 
pany at Mattoon, Illinois, is now in charge of the company’s work at Evans- 
ville, Indiana. 


Louis C. RoBerts, Jr., resigned, September 15, his position as division 
geologist for the Stanolind Oil and Gas Company at Houston, Texas, to enter 
independent business. He is succeeded by R. B. MircHELt. 


Rosert I. Dickey, geologist with the Stanolind Oil and Gas Company, 
has moved from Midland to San Antonio, Texas. 


A. VAN WEELDEN, of N. V. De Bataafsche Petroleum Mij., 30 Carel van 
Bylandtlaan, The Hague, Netherlands, attended the congress of the Inter- 
national Union for Geodesy and Geophysics at Washington, D. C., early in 
September and is traveling through the United States. He will return to 
Europe in November. 


L. M. Crark, district geologist for the Shell Oil Company, Inc., in Kan- 
sas, has been transferred to the Illinois basin area with headquarters at Cen- 
tralia, Illinois. 


KENNETH KRAMMES, recently with the Superior Oil Company at Bakers- 
field, California, is with the Superior Oil Company of New Zealand Ltd., 
Suite 4, National Bank Building, Palmerston North, New Zealand. 


A. L. Acxers, of the Stanolind Oil and Gas Company, has moved from 
Fort Worth, Texas, to Tulsa, Oklahoma. 


James N. Hockxman, of Norman, Oklahoma, is now subsurface geologist 
with the Kingwood Oil Company, 327 North Third Street, Effingham, IIli- 
nois. 


GUILLERMO ZULOAGA, geologist formerly with the Servicio Tecnico de 
Geologia of the Ministerio de Fomento at Caracas, Venezuela, has joined the 
Standard Oil Company of Venezuela where he will be assistant chief of ex- 
ploration. 
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Martin G. Ecan, of the Shell Oil Company, Inc., has been transferred 
from Midland to be resident geologist at Abilene, Texas. 


H. pe C1zancourt has returned to his Paris office after several months in 
Venezuela, Colombia, and Antillean regions. 


Ra.pu W. Imtay, research associate of the geological department of the 
University of Michigan, has been engaged by the Arkansas Geological Survey 
to undertake a study of the Comanche and older formations of southern Ar- 
kansas. Imlay’s work will extend through the summer and will include a study 
of the Comanche and older formations as they occur in Union, Columbia, 
Lafayette, Miller, Nevada, Hempstead, Ouachita, and Little River counties. 


The West Texas Geological Society will hold its annual fall field trip this 
year, in conjunction with the Texas Academy of Science, meeting at the Uni- 
versity of Texas at Austin, Texas, November 8, 9, and 10, 1939. Plans are 
now being made for a 2-day excursion, following the meeting, into the Llano- 
Burnet region. Pre-Pennsylvanian outcrops will be given especial study under 
the direction of well qualified guides. Details will appear in the October 
Bulletin. 


CLARENCE E. Manion, formerly with the Superior Oil Company at Hous- 
ton, Texas, operates the Manion Placer Mines at Blackhawk, Colorado. 


Cares C. Mason has changed his address from the Standard Oil Com- 
pany of Venezuela, Caripito, Venezuela, to the Humble Oil and Refining 
Company, 256 Humble Building, Houston, Texas. 


W. C. Inst, of the Stanolind Oil and Gas Company, has moved from 
Mattoon, Illinois, to 429 First National Bank Building, Wichita, Kansas. 


Ropert N. Kotm, of the Atlantic Refining Company, San Antonio, 
Texas, has succeeded IRA A. BRINKERHOFF, of the Stanolind Oil and Gas 
Company, as secretary-treasurer of the South Texas Geological Society since 
Brinkerhoff’s transfer to Houston. 


Joun E. GA.tey, of the Shell Oil Company, Inc., Tulsa, has been ap- 
pointed district geologist with headquarters at Wichita, Kansas. 

LEsLie M. Crark, of the Shell Oil Company, Inc., at Wichita, has been 
transferred to Centralia, Illinois, as district geologist. 

C. L. MorGaAn, geologist for the Lion Oil Refining Company, has been 
transferred from Shreveport, Louisiana, to Tyler, Texas. 

Ernest A. OBERING, of the Shell Oil Company, Inc., at Centralia, Illinois, 
has moved to Tulsa to be subsurface geologist for the company. 

Mrs. Ira OTHO Brown, of San Antonio, Texas, was instantly killed in an 
automobile accident at Wadena, Minnesota, June 11, while on a vacation trip. 

Joun L. Ricu, of the faculty of geology at the University of Cincinnati, 
has returned from a trip of 6 months in South America. 

ExisHa A. PASCHAL has moved from Oklahoma City, Oklahoma, to Room 
1202, 900 Polk Street, Amarillo, Texas, where the general offices of the Coline 
Oil Corporation are now located. 

G. LestrE WurpPLe has been transferred from the Richmond Petroleum 


Company of Colombia, to the Indian Oil Concessions, Ltd., 2 Bath Island 
Road, Karachi, India. 
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PROFESSIONAL DIRECTORY 


S for Professional Cards Is Reserved for 
embers of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979, Tulsa, Oklahoma 


CALIFORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 


Petroleum Engineer 
1093 Mills Building 


SAN FRANCISCO, CALIFORNIA ~ 


RICHARD R. CRANDALL 
Consulting Geologist 
Haas Building 
Los ANGELES, CALIFORNIA 


J. E. EATON 
Consulting Geologist 


2062 N. Sycamore Avenue 
LOS ANGELES, CALIFORNIA 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


VERNON L. KING 


CHAS. GILL MORGAN 


Petroleum Geologist and Engineer 
United Geophysical Company 
en Pasadena California 
R. L. TRIPLETT 


Contract Core Drilling 


WHitney 9876 


R. W. SHERMAN 
Consulting Geologist 
Security Title Insurance Building 


530 West Sixth St. 
Los ANGELES 
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COLORADO 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 


. A. HgiLanp Club BI 
President Denver, 


KANSAS 


L. C. MORGAN 
Petroleum Engineer and Geologist 


Specializing in Acid-Treating Problems 


358 North Dellrose 
Wicuita, KANsas 


MARVIN LEE 
Consulting Petroleum Geologist 
1109 Bi Buildi 

Office: 3-8941 Residence: 4-4873 
GEOLOGY AND PRODUCTION PROBLEMS OF 
OIL AND GAS IN THE UNITED STATES 

Formerly Technical Adviser to State Co 
mail should be to 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geopbysicists 
Specializing in Magnetic Surveys 


Giddens-Lane Building Sureveport, La. 


MICHIGAN 


NEW MEXICO 


WILLIAM F. BROWN 
Consulting Geologist 


RONALD K. DsFORD 
Geologist 


ROSWELL MIDLAND 
New Mexico TEXAS 


YORK 


FREDERICK G. CLAPP 


BROKAW, DIXON & McKEE 


Geologists Engineers 
Consulting Geologist OIL—NATURAL GAS 
ae Examinations, Reports, Appraisals 
NEW YORK 120 Broadway Gulf Building 
New York Houston 
OHIO 
A. H. GARNER 
Geologist Engineer JOHN L. RICH 
PETROLEUM Geologist 
NATURAL GAS Specializing in extension of ‘‘shoestring’’ pools 
120 Broadway New York, N.Y. Univesity of Clacinaatl 


Cincinnati, Ohio 
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OKLAHOMA 


GINTER LABORATORY 


ELFRED BECK CORE ANALYSES 
Geologist Permeability 
Porosity 
‘ . ic N 
Owner 118 West Cameron, Tulsa 
MALVIN G. HOFFMAN 


Geologist 
Midco Oil Corporation 
TULSA, OKLAHOMA 


WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 
TuLsa OKLAHOMA 


A. I. LEVORSEN 
Petroleum Geologist 


221 Woodward Boulevard 
TULSA OKLAHOMA 


GEO. C. MATSON 
Geologist 


Philcade Building Tusa, OKLA. 


G. H. WESTBY 
Geologist and Geophysicist 
Seismograph Service Corporation 


Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 


L. G. HuntTisy 
jJ. R. Jr. 
Grant Building, Pittsburgh, Pa. 


TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 


Consultant and Contractor in Geological and 
Geophysical Exploration 


325 Esperson Bldg. 
HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 
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D'ARCY M. CASHIN 
Geologist Engineer 


Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 
705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 


E. DgGOLYER 
Geologist 
Esperson Building 
Houston, Texas 
Continental Building 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 
DAVID DONOGHUE tens 
THE FORT WORTH 
Consulting Geologist LABORATORIES 


Appraisals - Evidence - Statistics 


Analyses of Brines, Minerals, Oil, Inter- 

pretation of Water nL, Field Gas Testing. 

Forth Worth National a 8282 Monroe Street FORT WORTH, TEXAS 
Bank Building Long Distance 138 

J. S. Hupnatt G. W. Piatiz 


HUDNALL & PIRTLE 
Petroleum Geologists 


Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


JOHN S. IVY 
Geologist 


921 Rusk Building, HOUSTON, TEXAS 


W. P. JENNY 
Geologist and Geophysicist 
Gravimetric Seismic 
Magnetic Electric 
Surveys and Interpretations 
907 Sterling Bldg. HOUSTON, TEXAS 


GEO. C. McGHEE 
Geologist and Geophysicist 


NATIONAL GEOPHYSICAL COMPANY 
Tower Petroleum Building 
DALLAS, TEXAS 


DABNEY E. PETTY 
315 Sixth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


E. B, Rosas 
SUBTERREX 
Esperson Building Houston, Texas 
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xiii 


1517 Shell Building 


ROBERT H. DURWARD 
Geologist 


Specializing in use of the magnetometer 
and its interpretations 
1431 W. Rosewood Ave. San Antonio, Texas 


W. G. Savitie J. P. ScoumacHgr A. C. PAGAN 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1404-10 Shell Bldg. Phone: Capitol 1341 
HOUSTON TEXAS 


HAROLD VANCE 
Petroleum Engineer 
Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


CUMMINS & BERGER 
Consultants 
Specializing in Valuations 
Texas & New Mexico 


1601-3 Trinity Bldg. Ralph H. Cummins 
Fort Worth, Texas Walter R. Berger 


WM. C. McGLOTHLIN 
Petroleum Geologist and Engineer 


Examinations, Reports, Appraisals 
Estimates of Reserves 
Geophysical Explorations 
806 State Nat'l. Bank Bldg., CORSICANA, TEXAS 


JOHN D. MARR 
Geologist and Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


F. F. REYNOLDS 
Geophysicist 
SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


Frank C,. ROPER Joun D. Topp 


ROPER & TODD 
Specializing Sparta 
Wilcox Trend Problems 


527 Esperson Bldg. Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
WEST VIRGINIA 


MORGANTOWN 


E. W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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A. T. SCHWENNESEN 
Geologist 
HOUSTON TEXAS me 
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DIRECTORY OF 
GEOLOGICAL AND GEOPHYSICAL 
SOCIETIES 


For Space A to A.A.P.G. Headquarters 


COLORADO ILLINOIS 
ASSOCIATION. OF PETROLEUM 
GEOLOGISTS GEOLOGICAL SOCIETY 
DENVER, COLORADO President - - Verner Jones 
President - Warren O. Thompson Magnolia Petroleum Company, Mattoon 
Gilbert Street, Boulder 
1st jord David B. Miller Vice-President - + Melville W. Fuller 
2nd Vice-President. arold Hickey Caster Of Company, 
Secretary- 810 U. S. National B "Building Davis Secretary-Treasurer - - Elmer W. Ellsworth 
224 U. S. Customs Build ling W. C. McBride, Inc., Centralia 


Dinner meetings, Gas ond of each 
month, 6:15 P.M., Auditorium Hotel ” 


Meetings will be announced. 


KANSAS LOUISIANA 
GEOLOGICAL SOCIETY . THE SHREVEPORT 
WICHITA, KANSAS GEOLOGICAL SOCIETY 
President - Geo. Ys Norton SHREVEPORT, LOUISIANA 
Vice- antic Com H. Allan 
Secretary- Gail Carpenter Vice-President. - + L, Haslowe 
Manager of Well Log Bureau -* Harvel E. White ‘ a Grogan Oil Company " 
Regul ings: 7:30 P. Allis Hotel, first ecretary-Treasurer + + + + = = Miller 
Tuesday cordially’ wel- Bay Oil Corporation, 911 Bank 
sponsors the Kansas Well Log Burea’ Cri Courts Room, Caio 7:30 
The Society sponsors at 412 Union Nations Bank Civil Courts R 
Building. ial dinner meetings by announcement. 
MICHIGAN 
MICHIGAN SOUTH LOUISIANA GEOLOGICAL 
GEOLOGICAL SOCIETY LAKE CHARLES, LOUISIANA 
President - - Carl C. Addison President 
The Pure Oil Saginaw Hamble & Refining Co., 
reside: 
Oil Cons Jed B. Maebius ind Oil and Gas Com 
Secretar be - - _ R. P. Grant Stanolind Oil and Gas hg ara 
chigan Geological Survey, Lansing Treasurer 


Business Manager 
Michigan Geological Survey 


Meetings: Monthly dinner 
tween inaw, Mt. Pleasant, 
mal dress. 


Helen Martin 


Shell Oil Company, Inc. 
Luncheon ist Wednesday at Noon 
and business meeting third Tuesday of each 
th at 7.00 P.M. at the Majestic Hotel. Visiting 
are welcome. 
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OKLAHOMA 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


President - Don L. Hyatt 


Garter Oil Company 
Vice-President - Jj. P. Gill 
Sinclair Prairie Oil Company 
Secretary-Treasurer - - Morris Guthrey 
The Texas Company 

~y First Tuesday of each month, from Octo- 
to Ma inclusive, at 7:30 P.M., Dornick Hills 

Club. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - as - Dan O. Howard 
oma Corporation 


- + Albert S. Clinkscales 
Consulting Geologist, Colcord Building 


Secretary-Treasurer - R. 
Magnolia Petroleum “Corporation 


ay Ninth Floor, Commerce Exchange Build- 
Technical second Monday, 

mon at 8:00 P.M.; Luncheons, every Monday, 
‘P.M. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - Roy P. Lehman 
Phillips Petroleum 
J. Lawrence Muir 


Amerada Petroleum “Corporation 


Secretary-Treasurer- - - - Tom L. Girdler, Jr. 
Sinclair Prairie Oil Company 


Meets the fourth Monday of each month at 8:00 


P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - + + L.H. Lukert 
The Texas Company 


‘ - L. A. Johnston 
Sunray Oil 


Secretary-Treasurer - ce Leatherock 
ide Water handed Ol 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 
P.M. 


Vice-President 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - R. Clare Coffin 
Stanolind | Oil and Gas Company 
1st | She: Buckstaff 
hell Oil Company, Inc. 


2nd Vice- pa... 5 - Lee C. Lamar 
Carter Oil Company 

Secretary-Treasurer - uis H. Lukert 
The Texas 

Editor - - A. N. Murray 


University of Tulsa 
Associate Editor - - - Maurice R. Teis 
Homestake Companies 
Meetings: First and third Mondays, each wes 
fram October to May, inclusive. at 8:00 p.Mm., 
University of Tulsa, Tyrell Hall Auditorium: 
Luncheons: Every Thursday, Michaelis Cafeteria, 
507 South Boulder Avenue. 


TEXAS 
= DALLAS EAST TEXA EOLOGICAL 
PETROLEUM GEOLOGISTS SOCIETY 
DALLAS, TEXAS TYLER, TEXAS 
President - Oil R, E. Rettger Presidemt - A. C. Wright 


Vice-President - + + W. W. Clawson 
agnolia Company 


Secretary-Treasurer - ry J. Morgan, Jr. 
Atlantic Refining yl any 
Executive Committee - - - Eugene McDermott 


Meetings: Regular luncheons. first Monday of each 
month, 12:15 noon, Petroleum Club. Special night 
meetings by announcement. 


Shell Oil Company, Inc. 
Vice-President E. M. Rice 
Pure Oil Company 
Secretary-Treasurer - Frank R. Denton 

Stanolind Oil and Gas Company 


Meetings: Monthly and by call 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 
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TEXAS 
FORT WORTH HOUSTON 
FORT WORTH, TEXAS HOUSTON, TEXAS 
President - President - - - + + + + David Olcott 
Geologist, Trinity Lite ‘Balt Humble Oil and Refining 
Vice-President - - J. H. Markley Vice-President - + R, A. Weingartner 


The Texas Company 
Secretary-Treasurer - - Vernon Lipscomb 
The Pure Oil Company 


Luncheon at noon, Worth Hotel, 
Monday Special called by executive om 
hemenee geologists are welcome to all 


Secretary-T: leton D. Speed, Jr. 
we 


ar angetings bald every Thursday at noon (12 

o'clock) above Kelly's ‘Restaurant, 910 Texas Ave- 

nue. For an | >-~ pertaining to the meetings 
write of cal secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President Tom F. Petty 
Humble ‘Oil Refining ‘Company 
Vice-President ul E. M. Purcell 


Pai 
701 “Hamilton Building 
Secretary-Treasurer - Orion A. Daniel 
Consulting “Geol 4 
814 Hamilton Buildi 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 
SAN ANTONIO AND CHRISTI 


- + Willis Storm 
1733 Milam “Building, San Antonio 
Vice-President - Dale L. Benson 


Sinclair Prairie Oil Company, Corpus Christi 

Seereters. Treasurer - - + Robert N. Kolm 
742 Milam Building, San Antonio 

Sunnie Committee - - - - - E. L. Porch 
Meetings: Third Friday of each month at 8 P.M. 
at the Petroleum Club. Luncheons every Monday 
noon at Petroleum Club, Alamo National Build. 
ing. San Antonio, and at Plaza Hotel, pus 

risti. 


SOUTHWESTERN GEOLOGICAL 
SOCIETY 


Presiden McConnell 


- Duncan 
tie. Texas, Dept. of Geology 


Vice-President - 
Bureau of | Economic 


W. C. Ikins 


Hendricks 
Secretary-Treas: 
Univ. Dept. ‘of “Geology 


Meetings: yh A third Friday at 8:00 p.m. at the 
University Geology Building 14. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


President - Berte R. Haigh 


” University Lands 
Vice-President 
Skelly Oil Company 


Secretary-Treasurer - 
Continenta! 


W. C. Fritz 


J. E. Simmons 
1 ‘oil “Company 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 
P.O. Box 1435 
Presidemt - Robert C. 
Owens, Libbey- Owens "Gas Department 
Vice-President - - + J. R. Lockett 
Ohio Fuel Gas Company 
Columbus, Ohio 
- - Ch 


Second Monday, h month, 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


Vice-President - - -_- - W. T. Bom 


y Co 
Tulsa, Oklahoma 
Editor . Wyckoff 


R.D 

Gulf ‘Research and Development Compeny 
Houston, Texas 
Secretary-Treasurer - . H. Crowell 
Independent Exploration Company, fouston, Texas 
Past-President - - - F. M. Kannenstine 
Kannenstine Laboratories, Houston, Texas 

Business Mos ager - Jj. F. Gallie 
P.O. Box 777, “Austin, Texas 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 
Complete Reproduction Plant 
W. & L. E. Gurley : 
Spencer Lens American Paulin Instruments Repaired 
12 West Fourth Street, Tulsa, Oklahoma 
IMMERSION LIQUIDS 
"$75.00 for complete sct of 70 bottles. 1-470—1.630 3 10 28.00 
Inquiries invited. 1.740—1.785 10 6 20.00 
Index Liquids, Room 4-332, 222 Charles River Drive, Cambridge, Mass. 
REVUE DE GEOLOGIE REVIEW OF GEOLOGY 
et des Sciences connexes and Connected Sciences 
RASSEGNA DI GEOLOGIA RUNDSCHAU FUR GEOLOGIE 
e delle Scienze affini und verwandte Wissenschaften 
Abstract i published monthly with the ration of the FONDATION UNIVERSITAIRE DE 
BELGIQUE and under the auspices of the SOCI GEOLOGIQUE DE BELGIQUE with the collabora- 


tion of several scientific institutions, geological surveys, and correspondents in all countries of the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 
TREASURER, Revue de Géologie, 35, Rue de Armuriers, Liége, Belgium. 
Subscription, Vol. XIX (1939), 35 belgas Sample Copy Sent on Request 


The Annotated 
For 
Bibliography of Economic Geology 
Vol. XI, No. | SEISMOGRAPH RECORDS 
Now Ready 

Orders are now being taken for the = 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-X can EASTMAN RECORDING 
still be obtained at $5.00 each. 

The number of entries in Vols. [IX and PAPERS 
X is 4,997. 

Of these, 1,348 refer to petroleum, gas, PREPARED DEVELOPER 
etc., and geophysics. They cover the 
world. AND FIXING POWDERS 

If you wish future numbers sent you 
promptly, kindly give us a continuing 
order, 

An Index of the 10 volumes will be issued in Supplied by . 

EASTMAN KODAK STORES, INC. 
Economic Geology Publishing Co. 1010 Walnut Street 1504 Young Street 
Urbana, Illinois, U.S.A. Kansas City, Mo. ; Dallas, Texas 
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FIRST IN OIL 
1895 — 1939 


THE 


FIRST NATIONAL BANK AND TRUST COMPANY 
OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone LD 711 Dallas, Texas 


Verlag von Gebrider Borntraeger in Berlin und Leipzig 


Einfihrung in die Geologie, ein Lehrbuch der inneren Dynamik, von 


Professor Dr. H. Cloos. Mit 1 Titelbild, 3 Tafeln und 356 Textabbild- 
ungen (XII und 503 Seiten) 1936 Gebunden RM 24.— 


Das Buch will den iiberreichen Forschungsstoff der letzten Jahrzehnte so 
darstellen, daB sich auch Fernerstehende von dem Bau, der stofflichen Zusam- 
mensetzung und den Bewegungsvorgangen in der Kruste unseres Planeten ein 
Bild machen kénnen. Die Darstellung geht iiberall von den Tatsachen und zwar, 
so weit wie moglich, von den tatsachlichen a ag aus und endigt bei ihrer 

edanklichen Auswertung. Auf die Interessen der Praxis, besonders des Berg- 

us, ist tiberall Bezug genommen, die Verbindung mit dem Leben nach Még- 

lichkeit stindig gewahrt. Das Buch sollte auch den nicht mit gelehrtem Gepick 
belasteten Wanderer im Gebirge fiihren konnen. 

Die Beispiele stammen aus allen Teilen der Erde, nicht suletzt aus Skandina- 
vien, Indien, Nordamerika und Afrika. Aber Deutschland und seine friiheren 
auBereuropaischen Besitzungen sind bevorsugt. 

Fiir den Verfasser gibt es in der Erde keine Einzeldinge und nichts Fertiges. 
Er versucht, die Tatsachen in ihren Zusammenhdangen vorszufiihren (Bewegungen, 
Kreislaufe, Abstauungen, Entwicklungen usw.), und méchte alle Erkenntnisse 
aufgefaBt wissen als Pflastersteine in einer StraBe sur Losung eines letzten, zen- 
tralen Problems der Gesamterde. Liicken in diesem Pflaster werden nicht 
tiberkleistert, sondern deutlich umschrieben. Das Buch will also nicht nur in 
seinem Stoff ein dynamisches sein. 


Ausfihrliche Einzelprospekte kostenfrei 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


BY JOSEPH ZABA, E.M.M.Sc. 
Petroleum Engineer, Rio Bravo Oil Company 
and 
W. T. DOHERTY 
Division Superintendent, Humble Oil & Refining Company 


For a number of years there has been a growing d d for a handbook containing formulae 
and other practical information for the benefit of the man working in the production and drilling 
branches of the oil industry. So great has been this need that many engineers have tried to ac- 
cumulate their own handbooks by clipping tables, formulae and figures from scores of sources. 


The co-authors of this volume discovered by coincidence that each had been for a period 
of several years accumulating practical data which through their collaboration appears in this 
book. Both of them are men who have not only received theoretical training but who have had 
many years of practical experience as engineers in dealing with every day oil field drilling and 
production problems. 


As a result of this collaboration of effort the publishers of this volume feel that it is a most 
valuable contribution to oil trade literature. 


Its purposes are distinctly practical. The tables, formulae, and figures shown are practical 
rather than theoretical in nature. It should save the time of many a busy operator, engineer, 
superintendent, and foreman. 

TABLE OF CONTENTS 


Chapter I—General Engineering Data © Chapter V—Drilling 
Chapter Il—-Steam Chapter VI—Production 
Chapter Transmission Chapter Vil—Transportation 
Chapter 1V—Tubular Goods 


Semi-Flexible Fabrikoid Binding, Size 6 x 9, 408 pages—-Price $5.00 Postpaid 
Send check to 


THE GULF PUBLISHING COMPANY 
P. O. Drawer 2811 Houston, Texas 
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LANE-WELLS 


‘ORIENTED SURVEYS 


GIVE YOU COMPLETE 


DIRECTION AND INCLINATION a. 
RECORDS 
OF YOUR WELL 
from the surface , 
to the sand 


For complete information about Lane-Wells Services 
and Products call or write your nearest Lane-Wells 
branch office. 


Lane-Wells Services and Products 


Include: Gun Perforators * Electro- Vy 
log * Oil Well Surveys * Direction f 
Control of Drilling Wells * Packers * 

Liner Hangers * Bridging Plugs * Sin- 


gle Shot Survey Instruments * Knuckle General OFFICES EXPORT OFFICES 
A 


Joints * Whipstocks and Mills * AND PLANT a 420 Lexington Ave. 
St. New York City, N.Y. 
Los Angeles, Calif. 
THE SOCIETY OF 
GEOLOGY OF EXPLORATION 
NATURAL GAS 
Articles Published in GEOPHYSICS, Volume IV, Ne 
Number 3 (July, 1939) oi 
EDITED BY HENRY A. LEY The Relation of Geophysics to Geology al oe 
M. Kannenstine 7 
ca © On the Strategy and Tactics of Exploration for 
Petroleum, III E. E. Rosaire 
A Problem in Seismic Depth Calculation 
A comprehensive geologic treatise of the oc- Relend F. Beore 
currence of natur: gas on the North Ameri- Determination of Density for Reduction of Gravi- 5 
can Conti t. meter Observations L. L. Nettleton . : 
Terrain Corrections for Gravimeter Stations 
e e Sigmund Hammer ; oe. 
Cc ions of Hyd b in the Earth x 
Eugene McDermott 
1227 pages On Geochemical Prospecting Leo Horvitz i 
230 Eptations Th bscripti is $6.00 ly in the United 
H i subscript ea nit 
able at $3.00 in the United States, $3.20 elsewhere. 
The following back numbers are available: 
$4.50 Postpaid 1935—Vol. VI, No. 1, Journal of the Society of Pe- 
troleum Geophysicists (supply limited) 
$6.00 to non-members — I, Nos, 2 and 3, Geophysics (No. 1 out of 
print 
1937—Vol. II, Nos, 1, 2, 3 and 4, Geophysics NCEE alae 
AMERICAN ASSOCIATION OF 1938—Vol. III, Nos. 1, 2, 3 and 4, Geophysics ios rr 
PETROLEUM GEOLOGISTS Orders should be addressed to i ae 
THE SOCIETY OF EXPLORATION 
Box 979, Tulsa, Oklahoma GEOPHYSICISTS 
P.O. Box 777, Austin, Texas 
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15,000 FEET 
OF THE BIT! 


X Reflection Seismograph Surveys by Western Geophysical Company are extending thousands of feet deeper 
than the deepest oil well thus far drilled. Although today new deep well records are being established faster 
than ever before, it will be years before the bit penetrates the formations now reached in reflection seismo- 
graph exploration. 2} In California, for example, Western Geophysical Company—looking ahead toward 
future deep well drilling operations—is mapping strug ture 20,000 to 30,000 feet below the earth's surface. 


Using the most scientific methods and equipment available, this organization is securing sub-surface information 


which will be used not only in drilling tomorrow’s wells, but to give a more complete sub-surface picture for the 
guidance of today’s wells! 


yx Western Geophysical Company maintains trained and experienced field crews for geo- 
physical prospecting either in the United States or abroad. x We will be glad to supply more 
detailed information on request. 


is a typical Western 
pany seismograph 


WESTERN GEOPHYSICAL COMPANY 


HENRY SA 


? 
. 
te 
EDISON BLDG., LOS ANG VISA, OKLAHOMA 


BAROID ond COLOX Extra- 
Heavy Weighting Materials 

AQUAGEL ond JELOX Gei- 
Forming Colloidal Drilling Clays 

BAROCO An Economical, Salt-Water- 
Resisting Drilling Clay. 

STABILITE Chemical. for Reducing 
Viscosity, Freeing Gas and En- 
hancing Wall-Building Property 
of Mud. 
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AQUAGEL-CEMENT woteria! for 
Recoveiing Lost Circulation and 
Cementing Casing. 

SMENTOX Material for Counteract- 
ing the Effects of and Recondi- 
tioning Cement-Cut Mud. 


ZEOGEL Special Clay to be Used as 
a Suspending Agent When Solt 
or Salt Water is Encountered. 


TESTING EQUIPMENT Appo. 


FIBROTEX a Fibrous Material for ratus for Making Complete Field 
Regaining or Preventing the Loss and Laboratory Examinations of 
of Circulation. the Properties of Drilling Mud. 


Stocks carried and service engineers available in all active 
BAROID SALES DEPARTMENT 
ing NATIONAL PIGMENTS & CHEMICAL DIVISION 


NATIONAL LEAD COMPANY 
BAROID SALES OFFICES—LOS ANGELES « TULSA - HOUSTON 


REFLEX CAMERA 
SIMPLIFIES PHOTOMICROGRAPHY 


Reflex Camera permits focusing of image on ground 
glass while sitting comfortably before the microscope. 
Monocular Tube with slide telescope eliminates neces- 
sity of raising the bellows, or swinging camera to one 
side, to permit observation of image in microscope. 
Macro Photography in transmitted or reflected light 
with “Micro-Summars” and other lenses from 24 to 
180 mm focal length. 


Ring Illuminator for perfect illu- 


mination of opaque objects. 


Write for Catalog No. 9-S 


Makers ef the famous LEICA Ce Western Agents: Spindler and So pope, Inc naoeles San Fran 
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“im NOW AN OFFICIAL MEANS OF PRORATING WELLS 
IN A LARGE MAJORITY OF KANSAS POOLS 


After a year of severe tests in comparison with pressure 
bomb and physical draw-down methods, the operators 
of Kansas have made ECHO-METER one of the official 


means of prorating wells. 


ECHO-METER is accurate and reliable. Measurements 
are quickly made and the permanent ink record is avail- 
able immediately. 


A LOW COST SERVICE 


Experienced operator, and truck containing full equipment for 
handling wells under any pressure: Daily Rate—$37.50. Mileage 
at 6¢ per mile is additional. 

BRANCH OFFICES 


P.O. Box 392 P.O. Box 188 P.O. Box 1499 
Great Bend, Kansas Lovington, New Mexico Kilgore, Texas 


INTERNATI 


PULLING RODS 
OR TUBING 


NO STOPPING OF 
PRODUCTION 
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flnnouncing 


A New Development in Geochemical Prospecting! 


WITH The HANDBOOK OF GEOCHEMICAL PROSPECTING just off 
the press, recent developments required our preparing the supplement 
shown above. Is your name on our mailing list? 
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An A. A. P. G. book 


MIOCENE STRATIGRAPHY 
OF 


CALIFORNIA 
By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 


CONDENSED TABLE OF CONTENTS 
Introduction and Scope 
The Reliz Canyon Section 
General Stratigraphy 
The Foraminifera 
Paleogeographic Significance of the Foraminiferal Assemblages 
Correlation and Age 
Historical Summary of Foraminiferal Data 
Analysis of Stratigraphic Distribution of Foraminifera in the California “Miocene” 


Chronologic-Biostratigraphic Classification of the Marine Middle Tertiary 
(“Miocene”) of California 


Formational Correlations Within the California Province 


Strati es Position of Reliz Canyon Section with Respect to California 
iddle Tertiary Stage Sequence 


Stratigraphic Position of Some Typical California Formations with Respect to 
Middle Tertiary Stage Sequence 


Age of California Stage Sequence with Respect to European Tertiary Column ... 
Systematic Catalogue 


400+ pee: By line drawings, yoy correlation chart in pocket; 22 full- 
chee! 


tone = 1 age 18 tables ists, and a range chart of 15 pages) 
in blue cloth; gold stamped; paper a 6x9 inches. 


PRICE: $5.00, POSTPAID 
($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATES) 


The American Association of Petroleum Geologists 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
London: Thomas Murby & Co., 1, Fleet Lane, E.C. 4 
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BACK VOLUMES AT HALF PRICE 


Members and associate members of the Society of Economic Paleontologists and Min- 
eralogists and of the Paleontological Society and subscribers of the 


JOURNAL OF PALEONTOLOGY 


will be privileged for a limited time to purchase complete Volumes 2 (1928) to 11 (1937) 
at the very special price of Three Dollars ($3.00) per volume. This offer represents a 
50 per cent discount from regular prices and gives opportunity that should not be over- 
looked. Furthermore, only part of the supply of back volumes will be sold at this price. 
The stock of Volume 1 is exhausted, but any others can be purchased. Place order promptly 
if you wish to secure discount because this offer will be withdrawn as soon as allotment of 
copies is exhausted. 


“Members and associate members of the viammand of Economic Paleontologists and Mineral- 
ogists and subscribers of the 


JOURNAL OF SEDIMENTARY PETROLOGY 


may purchase, for a limited time, complete Volumes 1 (1931) to 7 (1937), at half price, 
One Dollar and a Half ($1.50) per volume. 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
Box 979, Tulsa, Oklahoma 


THE GEOLOGY OF 
SOUTH-WESTERN 
ECUADOR 


BY 
GEORGE SHEPPARD 
State Geologist of the Republic of Ecuador 
With a chapter on THE TERTIARY LARGER FORAMINIFERA OF ECUADOR 


By THOMAS WAYLAND VAUGHAN 
Director of the Scripps Institution of Oceanography, LaJolla, California 


The first book on the geology of Ecuador to be published in English. 
The author has spent 10 years in studying the area. 


The chapters on petroleum and on the foraminifera are of special interest to oil-field 
geologists. 


The book is also of interest to geographers. 
Published by Thomas Murby & Co., in London, 1937. 


275 pp., 195 illustrations, maps, and diagrams. 544 x 814 inches. Cloth. 
PRICE: Postpaid and import duty paid, $7.00 
Specimen pages sent on request 
The American Association of Petroleum Geologists 
ORDER FROM 5, 979, Tulsa, Oklahoma 
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GIDDENS-LANE BUILDING 


SHREVEPORT, LOUISIANA 


CABLE ADDRESS: WILBAR 
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PERFORMANCE PLUS 


WITH THE 


REED KOR-KING CORE DRILL 


One of Parshall-Graham Oil Co's effi- 
cient crews holding a 16 foot section 
of an 18 foot core. Recovered on 
their Yockey No. | with a 61/," 
Reed Kor-King Core Drill. 


WITH 
MAXIMUM PERCENTAGE RECOVERY 


REED ROLLER BIT CO. 


P.O. Box 2119 — Houston, Texas 
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CAN YOU PUT A RING AROUND 
PRODUCTION WITH YOUR PRESENT 


EXPLORATION 
METHOD? 


A Soil Survey is a direct and rapid 
prospecting method available at rea- 
sonable cost for reconnaissance or con- 
firmation of results achieved by other 
means. 


We invite your inquiries and will be glad ill! 
te send illustrated booklet on request. 


EUGENE McDERMOTT 


PRESIDENT 
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_ taminated core must be had. Then is 
when it pays to send down a Hughes ~ 
conventional Core Bit... and “know 
when you come out you will have 


PMard and soft for 
interchangeable for 


HUGHES TOOL co. 
 MOUSTON, TEXAS 
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In drilling deep- wells, there comes’ 
— time when a large, unbroken, uncon- 
kind of core you want. 
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